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1 INTRODUCTICY

TCOD (2,3, 7,8-tetrachlorodibenzo-p-dioxin) is the mest toxic of
the polycklorodibenzodioxins and is, as a rule, an wwanted micro
contaminant of 2,4,5=trichlorophencl, produced on a large scale

by industry. TCDD aas alseo been formed accidentally in relatively
2igh quantities in a few accidents at chemical plants, ingsluding
the one at the ICKE3A chemical plant (Seveso, Milan) in July 1975.
This event lad to diffuse TCDD contamination of the enviroament

whose gravity is still visible 5 vears later (1).

Free TCDD aas been the subjﬁct of numerous toxicological studies
mostly designed to chzracterise ifs toxic sroperties ratier than
to assess its absorprion by the organism (2). Howaver, exposur
to the poison in the enviromment is often due to the rressnce of
environmental substratsas to wnich TCDD is in some way bound; nmore

rarely is the compound found in the free form. Thus the present
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study arcse from the nead “o actablish tze biscavailabiiity cf TCOD
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when the substance is adminis to the rabblit on powdered soil

and not ia the free form. Sings zrevious work had shovn thas <the
liver is the target organ in that species 73}, accumilation of
TCOD in the liver was takan as index of absorztion. Thz variocus
Zormulations containing TCLD were administered Sy gastric tub
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chvomatograpay on a multilayer column (described later) aand

chromatograpay on a columm of activated alumina,

The determination of TCDD in liver tissue was done by a GC-iS
method described in the literature (5), using the following
stens: alkaline digestion, extraction with & solvent, chromateg-
raphy on an EIxtrelut column and chrematography on a columm of

activated aluminz,

As showm in Table 1, recovery by the method as 2 whole and by
two purification steps is on average always more than 20% in

the case of powdered s0il samples. In the gcase of liver samples
recovery calculated with the addition of a tracer is 30%. For

Purther details see Appendix.

3, PREPARATION COF THE PORMULATION

10 %g of dry agricultural soil was removed from an area in Zone
with a high level of contamination {mean TCDD »3CC

stone~-free material was spread on plastic sheets for drying in %h
air (¢ = 25=3C°C) to comstant weight [weight wvariasions <2% avsr
24 ), crushed vigorously, remixed and sieved for collecting the
zowder fracticr with 2 particle size of dewrsen 200 and 400 mesh

This fraction (~ 0.5 kg) was furtiher mixed in 2 rotary avanorator

at 2 nmoderats sseed For adbeut 17 h o to ¢htalian 2 sreduct with =2
2ich degres of Lomoganaity. Tng resulis of ten analvges on as
many sortions of powder {eon average ~2 ¢ zacli) taken at randon
revealad 2 mean contamination of 21 T & 33hb (Table II) Tha
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TABLE I

ean recoveries of TCDD for tue methods of analvsis used and

* » » L) + L] 1
for two specific purification operations.

3ubject Jumber of Visan
data recovery (%)

Multilayer coiumn 71 96312
Alumina colurm 22 94:‘5
s0il 12 20 52215
soil 2° 16 2% ¢
soil 3° 31 sat 7
Hepatic tissu&5 57 sctie

1 For Ffurtiher details and for the indi-riduzl data on each sud-
ject see Table "Recoveriss of TCID" (Ansendix).

2 Laboratory-contamined soll analysed within 23 1 of addition
Qf TCDD.

Laboratory-contaminated soil analvsed after "aging" ( 1 mconsh’

¢ Yield of TCDD KC737} added to uncont taminated jarticulats soil
wlzt :

and t¢ Seveso part
rancge 1C-1CC z»h.

Yield of TCDD ’01‘7\ ad ted
before alxallne digestion,
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TABLE Il

TCDD lavels determined in ten samples of powdered soil from
Zene A after sieving and homogenisation.

Recoveryz

- Sample .. TCDD found
Sample veight Qecyclings o
g ng  Ppb
1 2,15 174 93.0 203 94 .4
2 1.80 96 103.5 159 88.3
3 2.06 131 99.5 180 87.4
4 2.11 94 95.7 173 82.0
S 1.92 160 80.0 157 81.8
6 2,32 173 90.0 186 80.2
7 2.00 141 110.0 159 79.5
8 1.89 122 1Q7.5 146 77.3
9 2.00 100 94.5 139 69.5
10 2.00 91 101.5 137 68.5
Mear TCDD® concentration and its standard deviation:
31 2 2 opb
1 ltumber of refluxings for the extraction in a Soxhle:
appara‘-:us . ~ -
2 Calculated on the quantity of tracer {(203B(C1”’)) adéed

tc the s¢il before extracticn.
3 o correction wag made For losses due to the
analysis becavse of tha aich recoveries (2397%),

matiod ¢f



10 kg of soil presumably free
similar te that of Zone A was

ceding section to get ~1 kg of povder {2C0-400 mesh).

from TCDD but nmorphologically
treated as dsascribed in tiie pre-

Analysis

of five samples ~2 g each) revealed no TCDD at an analvtical

sensitivity of 0.6 ppb.

This powdered soil was administered to

rabbits as such in the tolerance tests (see Treatment cf the

rabbits). One group of accurataly weichsd portions

"4

each) of t

-
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12 same vowder was spiked with TCDD in an acetone so-

lution (<3 ml/portion) at 2 level of 10.0=0,2 or 4041 oph); the
portions were lsft to "age" in the dark at 20°C for cver 1 month
before administration to tie rabbits., A second group 0fF portions
of powdered soil was contaminated (4031 opb) 48 1 befere adminis-
tration to the rabhits, sufficient time for the szolvent to evapo-
rate, Each portion {or the combination of two) was the siagle
daily dose intended Ffor each animal. Some samples of each group
were used Ffor testing the recovery in the eritical gtens of the

analysis method.

Thae following were preparsd:

w0 sclutions ¢f TCDD In an acetone-

wde e
- - qo » » L] L * -, - T + -, ‘/ -
vegatatle o0il mixture (1:8) containing 10.0=0.2 and £0.23=0.8 ng/ni
o - - L Ty - * e q‘ » I3 - - -
of noison respectively, and a water-alccliol solutica (1:1) contzin
: + . . . . -
ing 4C.0=-0.2 ng/ml. The single Zaily doses Intanded for each ani-
- - ? ~ -:- o sl =
7al were 1.00=C.01 and 2,0C-0,31 nml acsording to casse,
4  TREATMENT OF THE 2A331I7TS
3afore treatment of the znimals started, hests were done to fingd
cut vaet ey the repested administration of civen quantities 2f°
sovrdared so0il could cause digestive fyzet distirbancss that michs
affact the zansorprtion oF TCDD from the ¢it. The tolarance tas*s



vere doné on six rabbits, each of which receaived a suspension
of powdered soil (2.0 g) in water (10 ml) by gastric tube dail;
for 7 days. The animals presented no ill-effects, apart from a
brief interruption of weight gain on the first day of treatment.
By the second day the bodyweight growth curve nad already re-

sumed its normal trend.

The previously described preparacions were dosed vy gastric tubeg
for 7 consecutive days to groups of 5-7 male white rabbits of
mean starting weight 2.450.2 x¢ {Fig. 1), caged singly. Ia all,
12 groups of animals were treated with the following preparations
(daily doges in brackets): a) powdered soil from Zone 4, S0il §
(~80=~160 ng caily); b) "aged" laboratory-contaminated soil, Soil

2 (20-40-8C ng daily); ¢) laboratory-contaminated sowder, Soil 1
(40-80 ng daily); 4) acetone-oil solution (20-40 ag daily); water-
alecohol solution (40-80 ng daily). The daily dose (1.00 or 2.00)

of powdered soil was suspended in 10 ml of water. The preparations
containing TCDD were given regularly at 09.00. On day § the animals
vere killed and the livers removed and prepared for analwvsis.

Table III gives (a) the weigits of the animals at deaza (7 = 2.8
:0.3 xg; see also Fig. 2), (b)) the weights of the whole livers

{see also Fig. 3) and (¢) of the portions of hepatic tissue used

for analysis, (4) the individual 7TCDD levels found in the hepatic
tissue: in the case Of ¢roups on Droadly uomogeneous treartments

{(as w1ill be noted frem the lack of sicnificant differences hetwyeen
tile specific vaiues of the means) the cumulative mean was calcou-~
lated on several nomogensous ¢rouns. Table IIT contadins thres
such cases: treatments witn TCLD in solution at the dose OF &2 =nc
daily, treatments with laboratorv-contamingsd sovdered s0il 2% tis

- ) | T ¢t T em - 3 - epm - - - =
CSse 0fF 40 ng caily anc Treatments wiili laboratory-contamiatved
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TS ares summs
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sovdered soll 2% tie deoze oFf 20 ag daily, The resu



Table III

Levels of TCDD found in the hepatic tissue of rabbits
after seven days treatment

Body- Liver weight (g) TCDD Found' TCDD found

Treatment w§1ght Total Sample? (ng) (ppb) meﬁn v?lue
20 ng/die  1.90 73,9 22.0 7.78  0.353
Y et 2.43 70.0  21.0 6.04  0.288
Qil-acetone "5 197 22.0 5.83  0.265 0.26 £ 0.07
2.55 84.1  22.0 5,19  0.236
2.57 73.0  20.0 3.26  0.163
20 ng/die  2.65 90,1  19.0 6.58  0.347
) 2.57 98.0  20.0 6.46  0.323
Soil 2’ 2.57 86.9 18.0 5.14  0.286
2.73 98.0  18.0 5,13  0.285 0.26 + 0.08
2.70 100 20.0 4.93  0.246
2,70 118 21.0 4,24 0.202
2.32 80.0  20.0 2.52 0.126
40 ng/die  1.85 72.8  18.9  29.8 1.57
a 2.20 82.9  22.0 29.2 1.32
Otl-macetone 3335 792 233 2.7 119 | 1o, g.47
2.33 61.5  23.6  27.6 1,17 =Y
2.47 66.9  24.8  26.7 1.08
; 2.35 96.5  23.5  18.0 0.766
40 ng/die 2.28 92.4 22.5  29.3 1.30
2.31 81.4  23.3  33.7 1.02 g0 & 0.22
2.30 77.7  22.8  22.2 0.972 as
2.57 100 25.7  22.4 0.870
2.05 62,9 21.0 13.1 0.626
40 ng/die  2.67 72,0  18.1  29.3 1.62
2.80 88.0 17.0  23.9 1.41
Alcohol-water ;25 ggs  31.7  27.1 1.25 312077
2.95 108 20.2  19.9 0.984
Mean value for the three groups
1.1 £ 0.3
40 ng/die  2.57 68.5  28.5  45.6 1.60
s 2.40 79.2  31.7  41.9 1.32
Soilt 230 714 2.2 167 0.786 4 g0 . o3
2.30 91,2  26.8  20.4 0.762 = Ve
2.51 93.0  28.2  19.8 0.701
2,99 113 36.4  25.6 0.70L
40 ng/die  2.69 80.0  27.6  24.3 0.880
Soil 2 2.35 81.4  23.9  19.3 0.807
S0t £ 2.65 75.6  19.4  12.6 0.652
2.7 110 27.5  16.1 0.586 0,66 £ 0.13
2.2 87.7  22.0 12.6 0.572
2.70 74,4 27.6  15.% 0.560
2.35 63.8  23.6  13.2 0.559



(Continuation of Table:

9

"Levels of TCDD in the liver")

Mean value for the two groups
0.81 ¢ 0.31
80 ng/die 2.80 85.0 14.4 19,1 5.41
2.40 83.1 17.2 35.4 3.11
Alechol-water 3'gc i’y 155 326 2.59  2.75 2 0.5
2.90 119 16.2 38.8 2.40
2.80 114 20.1 33.2 2.15
80 ng/die 2.80 93.0 16.0 28.8 1.80
' 2.93 113 18.0 32.2 1.79
Soil 1 2.93 109 18.5 30.7 1.66 1.52 £ Q.32
2,85 111 24.0 28.2 1.17
3.15 125 21.8 25.4 1.16
80 ng/die 2.60 97.2 18,7 33.9 1.81
Soil 2 2,85 80.0 21.0 33.4 1.59
— 2,65 100 21.0 32.3 1.54 1.56 £ 0.16
2.72 103 17.0 26.1 1.53
2.55 98.0 19,0+« 25.7 1.35
Mean value for the last two groups
1.5 £0.2
80 ng/die 2.65 85.0 21,6 27.9 1.29
S0il S°¢ 2.90 103 21.8 26.6 1.22
2.84 111 19.3 18.2 0.942
2.75 115 20.5 16.7 0.814 0.83 + 0.28
3.18 128 18.7 13.6 0.692
2.90 105 17.8 12.0 0.673
2.7 116 21.7 11.7 0.540
160 ng/die 1.92 75.0 20.0 77.2 3.86
3o1 2.50 80,1 20.0 58.0 2.90
1
2012 5. 2.8 94.9 20,0 41.6  2.08
2.22 88.0 22.0 35.5 2.07 2.18 £ 0.9
2.43 90.2 21.0 0.5 1.95
2.75 100 21.0 31.2 1.48
2.27 89.8 25.0 23.0 0.922

1At the end of treatment
2 Portion of fresh liver used for the determination
3 Values corrected for losses inherent in the method of

analysis used (last column of Table on "Recoveries')

* Laboratory~contaminated soil left to 'age'" |

before administration
 Laboratory-contaminated seoil administered with 48 h of

spiking with TCDD
5 Powdered soil frcm Seveso

(mean contaminaticn:

1 month)

81 ppb)



Mean

secutive days with

TCDD levels in the liver of rabbits treated for seven Con-

varicus forrmlations containing the pcisen.

TCDD Yehicle Mumber of TCDD ;ppb} in the liver

ag/dayv specimens X =& ar {99ﬁ}3

- 4 e

20 Solveng 5 0.4610.0? C.12=0.40

20 Soil 2 7 0.26-0.C8 0.15«~0,37

- 6 + _

40 3olvent 16 1.1 10.3 2.94=1.3

40 S0il 1=27 13 0.81=0.31 C.54=1.1

8 +. = =
gQ Solvent 5 2.7 :0.; 1.7 =53.58
~ 20 Soil 8§87 7 0.38=0.28 0. 88=1,3
, +

1 For furtier details and for data on the individval sxzeriments
see Table "Levels of TCDD found ia aepatic tissuer.

2 Mean values and standard deviations.

3 Confidencs interval

4 Oil-acetone

5 Laboratory-contaminated soil 1eft to vage" (> 1 month) before
administration.

& Combinztion of tas resulis for treatments wixh aloohol-water
soiution and tiose 0F oil-acatons selution,

7 Combination of the results For treatments with the twvo formu-
lations <f soll prepered: Soil 1 and Soil 2, the first of whinsh
was dosed within 48 1 of spilking with TCDD,

g Alcolol-water.

3 Powdered soil from Sevasc [mean contaminaticn: 31 pob).
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CCMNCLUSZICIE

Table V summarises the results of the statistical analysis

(ANOVA and Duncan's test) conducted cn the data given in Tables

III and IV. Regarding tihe biocavailability ¢f TCDD, our coaclu-

sions are as follows:

(a)

(o)

(e)

(d)

at the lowest dose tested (20 ang caily) ao statistically
significant difference in bicavailability emerged between

TCDD in solution and TCDD on laboratory-contaminated powder;

at the doses of 40 and 80 ng daily the bicavailability of
TCDD distributed over pcewdered soil appears on average to ove
29 and 44% respectively, lower than that of TCDD in solution;
the lower limits of the confidence intervals (99%) give a

decvease in bicavailability of 5% and 19% respectively;

The biocavailability of-ICDD present on the powder of soil
taken Ffrom Seveso, contaminated after the ICMESA accident,

is on average 68% less than that of TCDD administered in so-

lution; here again, nowsver, the lower limit of the corre-
sponding confidence interval {$9%) suoplies a much smaller

variation in bioavailability (=40%:;

statistical analysis of the resulis obtained with treatments
at 40 ng daily suows that there are no significant difsf
in TCDD absorytion dbetween recently contamizatad >owdered sof
{8011 1) and TCDD iz soluticn, in Tvo cases ocut of thres [s2e
Table III);

. : E 2 oy £ - . T e
tiere is a significant difference {=43% on averags. between
tie bio iability ©f 7TCDD oresant in the 3¢ll from Sevess

o A ' aoy ” - a1 - - ., ; - ]

ad that of TCDD on laboratcorv-=contamieglrd s0il; in this

- '!Ot" e L e .Q t';ﬁ:ﬂ- o~y D a S e e T tm e mmeamaa /C\f“ul\. q-q—--\l-' - mam
caie Loved LINLY QL g o ~Q8NCe ToATSITvVaRL e - T e R T == Z

R dam md emd 7 A< T4 S i tep R
gswinated decrezcs in bioaw 211301108 Cf oniv 3%
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TABLE 7

Statistical analysis of the results obtained (previous table)
for the evaluation of variatiors in bioavailability.

TCDD Formulations Significance Mean reduction (%)
(ag:day) compared2 level of the of bicavailability
variation b CI {59%)3

. 4

20 Soil 2/80lvent’ ncnsignificant

40 S0il 1-2/Solventd 2 <.01 29 5.0 - 53

g0 Soil 1—2/'solvent6 P ¢ +01 44 19 - 63

80 Soil $/Solvent’ D < .01 68 40 - 95

: . 8

80 Soil §/30il 1=2 p < .01 &3 5 - 81

1  ANOVA and Duncan test

2 In each pair the TCDD of the second Formulation (Solvenu) was
assicned maximum bicavailability (100%). This was arbitrarily
attributed alsc o the TCDD of the second formulation of Ttz
pair Soil S/Soil 1-2.

3 Confidence 1ntarval

4 Jaoorauory—contanﬁna*ed soil afger "aging" wversus solution in

oil-acetone,

5 Laboratory-contaminated soil ["zged” and "not agéd") versus
solution (in alcoholewater and ocil-acetone),

5 Laboratory-contamined soil ("aged” and not "aged") versus
solution in alcohol-watar,

7 Powdered s0il from Seveso wvarsus solution in alcohol-water

Q

rowdered go0il from
{naced" and not "a
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(£) two nighly significant linear regressions may be derived
from the data obtained, viz. from the treatments with TCDD
in solution and with TCDD vehicled by the laboratory-con-
taminated powder (Fig. 4); the two regression lines permit
an estimate of the mean levels that might have been present
in the liver following treatment with the above Fformulations
at tie dose ¢f 16Q ng daily: in contrast te what happens in
the case of the laboratory-contaminated scoil, tae value ex-
trapolated for treatments with TCDD in solution is signifi-
cantly higher than the value determined experimentally For
the group of animals treated with powdered soil from Seveso,

Soil 38, at the same daily dose (~160 ag daily).

In sum, tihe data obtained indicate that in tze rabbit the absorp-
tion of TCDD from orally dosed preparations is clearly less when
the poison is in the soil than in solution. This paenomenon be-

comes apparent at tae aighest doses.
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AFPENDIX

Mathods of analvsis

(a2) For the powdered soils:

Tre procedure of analysis for the samples of powdered soil
was one taat ras already been widely used for TCDD determina-
tions in various environmental substrates at Seveso (4), adap-
ted for tre type of samrples under study ac reported later on.
For a cetailed discussion of the procedure see Referencss

The three steps used (extraction, purification on a multilayer
column and purification on an alumina column) were subjected
to numerocus preliminary tests ia crder to ensure practically

quantitative recoveries and a iigh degree of reproducibility.

Extraction. Al1 the samples of powdered soil were extractad

in a Soxhlet apparatus for ~24 2 (refluxing 4-8 times/a) with
dichloromethane (~75 ml, HPLC ¢rade) as solvent. The sampla
was prepared for extraction by mixiang intimately ~2 g Of érv
powder with 8 ¢ of anaydrous sodium sulfate. The extract was
left to evaporate slowly under 2 stream of aisrogen in ordar

to obtain a moist residue.

Purification on multilaver colum. Tais columm {I.D. 18 mm:

total lengtin 250 mm) consisted (from bottom o ton): ¢lass
wool; anbhydrous sodium sulfate 0.5 cm; activated silica gel
.5 cm; mixture of anirdrous sodium sulfate and sodium hicar-

borate (4:1 w/w) 2 ¢m; celite 545 1 cm; mixture of

1

cncen—
trated sulfuric acid and celite 3545 (71:1 w/v) 5 en; aniiydrous
c

sodium sulfate 1 cm, The gamuen in

e OF tie lavers is shovm in
Fiz. 1. 3Before use, the multilayer colum {eonsz Sor 2ach ei-
tion} was washed wiilh three portions (10 ml eaci) 22 éia

B - FI- P T e, S . e it 1
2 rasicdue of sxtraceims TEE TaLSN UTD LT o4 0om

LR e
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op of the column Hefore

ot

{HPLC ¢rade) and transferred to ths

(k)

<he pentane washings uad eluted completely; Tiae operation was
repeated anotier seven times in tie same way TO ensure quanti-
tative transfer. Percolation was v gravity, Tae eluaise col-
lacted {~32 ml) was allowed to evaporate to &ryness spontane-

ously,

Purification onn colugt: of actismatadaiumina,  Alumina Merck

{neutral aluminium oxide 90, 17C=230 mesh) was kept in an oven
- , - - . . i . s
at 1309C=5°C for 14 1 and then stored in a desiccator on silica

cel ready for subsegquent use. The colurms (I,D, 10 mm, total

length ~250 mm) were prepared by inserting first a pisce of
glass wool, fclliowed by 5 cm of alumine (~4 ¢) and 0.5 cm of an-

avdrous sodium sulfate, The residue from tie multilayer cclumn

wvas taken up suantitatively with five succsssive rortions {2 ml

each) of a=hexane and transferred in succession on to the o of

the column. There followed tirge washings (10 ml each) with a
4

A ! N

mixture of n-nexane and cichlorometiane (1%, and four elutions

with a total of 2C ml (5 ml ey elution) of a mixture 0Ff n-lexarn
and dichloromethane 2C%. This szluate {(~20 ml) was carefully
collected in & bBeaker and lerft to evaporate to a moist residus;
this wag tien transferrad cuanticatively fm 2 suitable con<ziner

gvaporated to drymess and dilutad to 2 knewn wolume Sor the 2:z:z

—— . 1e an 3 2 gm 'am . = v mm,t et
v means o©f 17GC/1riS according to tie nrocedure fescrideld .

rr
(1]
[o N

o~ 3
regrence 1 .

-t : e . 4ol -3 E— 3 - o n . ~
Trhe determipvavions on tie iliver samplas vere deng o7 means 278 2
; wﬁﬂadswe a“'qq,g:d-v v:ad Co-\-ﬁ - g Jagrarmina=ion o~ o T oem wam Yt S e
RDEUCECs LO2XRCTS US P & A XS 2OTLNEC1I0N o UL 1A Dasol-s

i - g - — - - - — = =3 - - ~ e
L13er "_}} , 28 EE;CZ‘ 20 LATED. Tor a gderailed discussicn of T.s
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Alkaline digestion. About 20 g of liver was uydrolysed witl

10 ml NaOH 10 N plus 20 ml ethanol at S0°C and refluxed for
1k,

Bxtraction. Affter cooliag, tihe sample in the alkaline mediun

wvas extracted twice witi n-hexane (20 ml eaca time).

Purification on columm OFf Bxtralut. & columm of Extrelut was

pretreated with 20 ml concentrated sulfuric acid and left to
equilibrate for 4-14 1. The total hexane solution (~40 ml)

was left to percolate through tie column, which was subsecusntl
washed with 20 ml n-nexane, The eluate was evaporated to dri-

ness in a stream of nitrogen at room temperatire,

Purification on ¢olum @f activatsd alumina, The columns <=

neutral alumina (45 x 5 mm), with a layer of anhydrous sodium

sulfate at the top (5 mm), were washed with 3 ml dichloromeftinan:

and activated at 270°C for 12 & Qr at 400°C for 4 h., The residu:
from the column of Extrelut was taken up with n-ssxane {total

volume ~3 ml) and tramsferred to the tor of the column., Thais
was followed by an 2lution with § ml carbon tetrachloride foi-
lowed by 4 ml dichlorometuane. The latter fraction, containing
TCDD, was svaporatad to drvness., The reasidue was taken o wisl

dioxane (0.10C ml) and amalysad Hyv GC and mass fragmentograzi--.

In some <ases samples from crouss < like treaiment were >00lsel

and analysed by aigh rasolution GC | 25CCC theorstical slatas) ans

S -according to & method reported in the literaturs {8).

411 the reagents and standards used in this study were of a nizh
desres of purity and wrere grads FPLC or RS, wiere 2ossibls. The
TCDD used was of the same purity 2s tias environmental stardaris,
Table VI and Figs. 5-11 swmmarise all tha results and informasiss

. A . . . -
[, e A PR . | Fn P it A “ 1 =
a.:.«_u"_ O?_ iZee 29X Lerk a...l..'..'a.g —m G:"..la.‘."_ -] W u-lc 3..8.;\;’52.5 M ‘:.lCdS LESD

ib

i



Table VI

Recoveries (%) of TCDD for the methods of analysis used

and for two specific purification operations.

3
Soil 1 Soil 2

g
Soil 3

Multilayer Alumina Hepatic
¢olumn c¢olumn tissue

141.C" 95.0 102.9 135.8" 106.0 110.0 108.5" 80.0
123.5 95.0 101.5 116.7 102.6 107.5 99.0 80.0
120.0 94.5 101.0 109.4 98 .0 105.5 98.2 78.5
115.5 94.0 100.0 104.6 97.5 103.5 96.6 78.2
114.6 94.0 99.4 102.0 97.0 101.5 95.2 77.5
114.5 93.5 98.0 102.0 95.5 99.5 94.8 77.3
114.3 91.5 96.5 99,1 94.0 99.5 91.0 77.0
110.5 91.0 95.6 99.0 93.5 99.5 89.3 77.0
110.5 91.0 95.0 98.0 93.0 99.0 89.0 77.0
109.0 90.0 94.0 97.6 92.5 98.0 88.6 76.0
108.5 90.0 93.5 97.6 92.0 97.5 88.3 76.0
108.0 89.0 93.5% 95.5 91.0 97.5 88.0 75.5
107.5 89.0 92.5 95.0 86.0 97.0 88.0 75.2
105.0 88.9 92.0 94.0 81.9 95.7 88.0 75.0
104.5 88.0 91.8 92.0 81.4 94.5 88.0 73.0
104.0 88.0 91.5 87.5 77.9 94,5 87.0 72.8
104.0 88.0 91.0 85.5 - 93.0 86.2 72.2
103.8 87.0 90.0 69.4 93.0 86.0 71.4
103.5 86.5 89.0 66.6 92.5 86.0 71.0
103.1 85.5 87.5 66.5 90.0 85.0 70.2
103.0 84.0 82.7 60.3 90.0 85.0 67.0
102.6 84.0 82.7 88.5 85.0 65.%
102.0 84.0 74.0° 88.5 84,0 64.3
101.5 84.0 47.0% 88.0 84.0 63.0
101.5 84.0 88.0 84.0 63.0
100.9 83.5 87.5 83.3 62.0
100.8 83.5 86.5 83.3 62.0
99.9 82.4 86.0 82.4 61.0
99.5 82.0 86.0 82.0 60.4
99.0 81.5 85.0

98,1 81.0 80.0

98.0 78.0

98.0 76.0

97.5 73.8

96.0 65.1

96.0 57.0"

95.0

Means and standard deviations and number of data used in
the calculation:

96 + 12
{71}

94 = §

{22}

92 £ 15

{20}

32+ 8
{16}

94 £ 7
{31}

380 £ 10

{57}

' Laboratory-contaminated soil

2Labor'atory-contaminated soil left to "age'
3 .
Recoveries of TCDD (¢l V) added to samples of powdered

soil and of hepatic tissue before extraction

*Aberrant (according to Chauvenet)
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14 L
N - = 44
. Media = 2.4
Dev. St. = 0.2
12 L Min = 2.00
Max = 2,95
o | /
L
8T
6 -
4 L
I / \\
— /
0
1.80 2.22 2.64 3.06 kg
Fig., 1. Distribution by weight group of 44 male white

rabbits before treatment



28 .
L N = 70
Media = 2.6
24 L Dev.St. = 0.3
Min = 1,85
L Max = 3,18
20 b \
16 L
12 L
8 L
5 &
i N
0
1.78 2.25% : 2.7% 3.25%
. kg
Fig. 2. Distribution by weight group of 70 male white

rabbits on day 8 (sacrifice) of treatment,
Note (see Fig.l) that the animals presented an
average increase in weight in the week of
treatment; in some cases there was a slight
weight loss unrelated to any specific factor,



0 r N = 70

Media = 692

= Dev. St. = 16

Min = 61.5
16 L Max = 128.0
12 L )
8 L
|5 -
0 | P~

56 80 104 128 grammi

Fig, 3. Distribution by weight group of the livers removed
from the rabbits after treatment with various
formulations containing TCDD.



TCDD nel fegato (ppb)

3.5

3.0

)
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/
y = 0.041x - 0.51 |/
E y = 0.021x - 0.076
/

7

e
V4
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‘/
s
‘/
../

‘/
dL
] 1 1
40 80 120 160

ng/die

Fig. 4. Regression lines obtained by using the set of data

for treatments with TCDD in solution (L) and the
set of data for ftreatments with laboratory-contami-
nated powdered soil (¢ ). The significance level

of the regressions is F},6 = 172.35, P< ,001;

Fl!, = 106.67, P< .00l respectively. To highlight
the results of treatments with Seveso soil, two
points have been plotted ( T ) corresponding to

the mean values of the TCDD levels determined analy-
tically in the two groups treated. The standard
deviation is shown above and below the value of
each mean.
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L oem

N

g |

5 cm —_—— Celite + azso4 (1:1 p/pl)

I am Celite
2 ¢m NaHCO, + Na,S0, {1:4)
1.5 ¢m Gel di Silice

Nazso4 anidro

‘Cotone

Fig. 5. Multilayer column for the first stage of
purification of the extracts., Description
in the text,



28 r
- N = 71
S Rk
Min = 65,1
[ Max = 123.5
20 ¢
16 }
12 ¢
8 b
L
4L .
o 74 ;Q
0
60 84 108 132

% recovery

Fig. 6. Block distribution of percentage recoveries
obtained from the multilayer columns (see
Table VI first column)



12 =
. N = 22
Media = 94
10 k Pev, St, = 5
Min s 82.7
| Max s 102.0
8 b
L
6 -~
4 b
2 -
0 4/ - \

78 839 102

L recovery .

Fig. 7. Block distribution of percentage recoveries
obtained from the alumina columns (see Table
VI, second c¢olumn)



[
N = 20
§ b Media = 92
Dev. St. = 15 Y/
Min = 60.3 '
" Max = 116.7
B |
L
4 L
2 o
0 ‘ i
30 64 98 132
% recovery
Fig. 8. Block distribution of percentage recoveries

obtained on applying the method of analysis to
the determination of TCDD added to uncontami-
nated powdered soil, within 48 h of addition
(Soil 1: see Table VI, third colLumn).



§ L N = 16
Media = 92
Dev. St. = 8
Min = 77.9
A Max = 106.0
4 L
2 o
0 =
70 80 " 90 100 110
' % recovery
Fig. 9. Block distribution of percentage recoveries

obtained on applying the method of analysis
to the determination of TCDD added to uncon-
taminated powdered soil left to "age"

(Soil 2: see Table VI, fourth column)



10 .
L N = 3
Media = 94 \
| Dev.St. = 7
8 Min = 80.0
Max = 110.0
6 }
4 r !
j \
0 -".'—'/ \
70 81.2 2.4 103.6 114,8
% recovery
Fig. 10. Block distribution of percentage recoveries

obtained on applying the method of analysis
to the determination of labeled TCDD added
to powdered soil of different types (labora-
tory-contaminated or contaminated following
the ICMESA accident) before extraction (ses

Table VI,

column five)



14 L
R N = 57 /\
Media = 80
12 b Dev. St. = 10
Min = 60.4
- Max = 99,0
10 L \
8 L T
6 -

e ___,=¢?’// \N

45 57 69 81 93 105

% recovery

Fig.ll. Block distribution of percentage recoveries
obtained ¢n applying the method of analysis
to the determination of labeled TCDD added to
hepatic tissue before alkaline digestion
(see Table VI, sixth column)
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