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Summary. - Sixty -five samples of human milk obtained
[rom individual donors living in Rome and surrounding
arcas between 1982 and 1984, and 28 samples from
Ilorence and surrounding areas obtained during 1985
were analyzed for residues of p.p-DDE, p,p-DDT and
I’CBs. Levels of p.p-DDE were between 5 and 126 ppb
‘wglkg of milk), with an average value of 45 ppb (median
14). Levels of p.p’-DDT ranged from I to 79 ppb, with an
average value of 10 ppb (median 7). PCBs were found at
levels ranging from 7 to 304 ppb, with an average value of
74 ppb (median 66). As to the p.p-DDT, when compared
10 the data previously obtained inltaly during 1975-77  the
present findings show a decrease of the average value and
a lower incidence of samples with higher values. These
¢ffects are less pronounced for the p.p’-DDE. No relevant
variation was observed in the levels of PCBs in compari-
son with the data obtained in ltaly during 1981-82.

Riassunto (Valutazione dei livelli di p,p-DDE, p,p'-
DDT e policlorobifenili (PCB) in campioni di latte umano
provenienti dalla zona di Roma e di Firenze). - Sessanta-
cinque campioni di latte umano, prelevati nel periodo
1982-84 da singole nutrici residenti in Roma e provincia,
e 28 campioni, prelevati nel 1985 da nutrici residenti in
Firenze e provincia, sono stati analizzati per la determi-
nazione di p,p-DDE, p,p"-DDT e PCB. Il p.p-DDE é ri-
sultato presente in concentrazioni varianti da5 a 126 ppb
(uglkg di latte), con un valore medio di 45 ppb (mediana
34).1 p.p’-DDT ¢é risultato presente in concentrazioni da
1 a 79 ppb con un valore medio di 10 ppb (mediana 7). 1
PCB, infine, variavano in un intervallo di concentrazione
di 7-304 ppb, con un valore medio di 74 ppb (mediana 66).
Per quanto riguarda il p,p’-DDT, i dati aituali, confrontati
con quelli ricavati nel periodo 1975-77 inltalia, mostrano
una diminuzione del valore medio e una minore incidenza
di campioni con valori elevati. Questi effetti sono meno
marcati per quanto riguardail p.p-DDE. Nessuna sostan-
ziale variazione nei livelli di PCB ¢ stata osservata in
confronto con i dati rilevati nel 1981-82.

Introduction

A good index to evaluate the degree of human exposure
to persistent poliution agents is given by the amounts of
these substances in human milk and adiposc tissuc. Human
milk is an excellent indicator of bioconcentration of sub-
stances with high environmental persistence since breast-
feeding mothers are at the top of the nutritional chain.

This study focuses in particular on organochlorinated
pesticides (OCs) and on industrial chemicals such as poly-
chlorobiphenyls (PCBs) both for their persistence in the
environment and their capacity to bioaccumulate in orga-
nisms.

Studying human milk contamination is important also
from a health standpoint as lipophilic contaminants -
which are gradually ingested with the dict and accumulate
in adipose tissue - are greatly mobilized during breast-
feeding. Morcover, human milk is all the more important
as it is the only food taken in the first months of a baby’s
life. Besides, the weight of intaken milk reaches propor-
lions in relation to the baby’s body weight of 20-30%,
never again surpassed in a person’s lifetime.

Several studies have been published throughout the
world on the presence of DDT and other organochlorina-
ted compounds in human milk samples, such as in Germa-
ny [1-3], Sweden [4], USA [5-7], United Kingdom [8], the
Netherlands [9], Poland [10], Belgium [11], Russia [12],
Canada [13], Japan [14, 15], Yugoslavia [16], Argentina
[17], Norway [18] and Isracl [19].

In addition, Jensen published two important reviews
summing up the results found in the literawre on this
subject [20, 211].

Researchers in Italy have long studicd the levels of OCs
and PCBs in human milk. Among these the work of Pac-
cagnella et al. on human milk and cow milk published in
1966 [22], Cerutti et al. published in 1975-78 on colostrum
[23] and human milk [24, 25] and Ferioli et al. of 1982 on
PCB in human milk [26].
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With the excepiion of Farioli's paper ihat deals exclu-
sively with PCBa, the results of the other two works were
obtained approximately 10 years before the comtnence-
ment of this rescarch. It therefore seemed necessary no!
only to update but also to expand the existing knowledsy
regarding levels of PCBs and pesticides of the DET group
presentas contaminants in milk of Talian women, so as (o
be able o verify their levels of contamination.

In ltaly, in fact, various organochlorinated pesticides,
DDT in particular, have first been severely restricted and
later banned altogether in the seventics as in most other
European countries [27-311.

In this paper we report the DDT, DDE (the main DDT

metabolite), and PCB levels contained in 93 samples of

human milk taken at the Ospedale Noovo Regina Marghe-
rita of Rome in the period 1982-84 and at the Ospedale
Meyer of Florence in 1985.

Part of the data presented herein are alrcady contained
in two previous publications by the same authors [32, 33],

Experimental
Sample preparation

Samples were frozen at - 25 °C immediately after cel-
lection. At analysis, they were thawed and homogenized
by immersion in ultrasound bath for 15 min.

Extraction

The Suzuki ¢r al. method [34] was used for extraction,
with slight modifications. We verified that this method,
under our conditions, yields a recovery of more than 80%
for the compounds studied.

Ten m!of milk were placed ina centrifugation tube with
a PTFE-lined screw cap. Twenty ml of n-hexanc were
added plus 5 ml of acetonitrilc and 1 ml of ethanol. The
tube was then shaken for 2 min and centrifuged at 2000
rpm for another 2 min. The hexanic phase was liltered
through an anhydrous sodium sulfate column and collee-
ted in a 100 ml Erlenmeyer flask. Hence, the agueous
phase was extracted with n-hexane (2 x 20 ml). The
hexanic phases were then combined and concentrated at 5
ml. Thus, 1.5 ml of hexanc solution weré removed (equal
to 3 ml of milk) and purified by chromatography on a
Florisil column.

" Florisil column chromatography

Florisil, 2.5 g (60-100 mesh) PR grade from Floridin
Co. (activated at 130 °C for onc night), was poured into a
glass column (300 mm x 10 mm i.d., with tap of PTFE).
Later, 2 g of anhiydrous sodium sulfate were added. The
column was washed with n-hexane (3% 5 mi)and the liguid
discarded. Hexanic solution (1.5 mi) from the extraction
was placed in the columi. The OCsand PFCBs were cluted
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with 50 miofcthylacetate+hbe
ml) mixture. The cluale was concept-ated o drvness o

thie residue redissolved with 1 m! of ise-octanc.
Cas chromatographic analysis
Conditions:

- Varian 3700 gas chromatograph with electron captur
detector (GC/ECD):

- plass coluran, 180 cm x 4 mm i.d., packed with 1.5

OV-17 + 1.95% QF-1 on Chromosorb W HP 100-12
mesh;

-temperatures: injector, 220°C; oven, 205 °C; detector

300 C;
- carrier gas, Ar-5% methane; flow, 45 ml/min.
fso-Octane solution (1-5 ul) from the Florisil colurn
chromatography was injected. Then the orpanochloring
ted pesticide residucs were identificd and determined fo
comparison with standard solutions.

Glass capillary gas chromatography

The sample extracis - alrcady analyzed on packe:

column - were analyzed again on capillary column for o

gualitative check-up.

Conditions:
- Dani 3900 gas chromatograph with clectron captur
detector;

- fused silica column; 50 m x 0.32 mm coated wit
OV-I; film thickness, 0.17 pun;

- temperatures: injector, 220°C; oven, 180 °C: detector
250 “C,

- carrier gas: nitrogen, 2.5 ml/min; auxiliary: nitroges
55 ml/min;

- splitter, 1:20.

PCEs determination

After GC/ECD analysis for organochilorinated pestic:
des the solution was concentrated 1o dryness and 20 ml ¢
5% KOH solution in cthanol were added. The containg:
was heated over boiling walter (80 °C) for 30 min. Afle
cooling Lo room temperature, the solution was diluted wid
SO mldistilled water and extracted with 5 x 30 mir-hexan
The resulting hexanic phases were concentrated 1o drinc
and the residue redissolved with 1 ml ise-octance.

For PCBs determination, 1-5 pl of this solution wer
analyzed inGC/ECD withOV-17 + QF-lcolumn under (h
described conditions.

For quantitative and qualitative comparison, an Are
chlor 1254 and 1260 {1:1) mixwre was used as standard.
For the determination we used the ratio between the surn
of the heights of five significant peaks present in the stan
dard and the corresponding ones in the sample.

Results and discussion
Of the analyzed human milk swnples, sixty-five s

ples, taken between 1982 and 1984, were made availab!
hy the Ospedale Nuovo Regina Margherita in Ronie. AT




the samples (size between 20 and 40 ml) were from single
Jonors. About 50% of the donors resided in Rome and the
sther 50% in the province of Rome.

The ages of the donors ranged from 20 to 37 (median
age 27). Fifty percent of the mothers were housewives,
10% office workers and 20% factory workers. Fifty per-
cont of the mothers had delivered their first child, 25%
\heir second and 25% more than 2 children. Forty percent
of the samples were collected within 10 days from delive-
ry, 15% within 20 days, 15% within 30 days and 30% after
30 days.

Another group of 28 samples of human milk, taken in
1985, were made available by the Ospedale Meyer of
Florence. These samples also came from single breast-
(ceders. In this group, the donor’s ages ranged from 25 to
35 years old (median: 26). Sixty percent of the mothers
lived in Florence, whereas 40% came from surrounding
areas. Sixty-seven percent of the mothers had delivered
their first child, 27% their second and 6% their third. All
multiparous mothers had breastfed their previous children.

Figures 1 and 2 show the age and occupation distribu-
lion for all donors included in the study.

As to the analytical methodology adopted for the deter-
mination of persistent organochlorinated compounds,
extraction and purification were carried out according o
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Fig.1. - Percent of all the donors (n = 93) according 1o age.

Qccupation

Fig. 2. - Percent distribution of all the donors (n = 93) according to

occupation. 1) unemployed; 2) farm workers: 3) industry workers; 4)

employeres; 5ydealers; 6) craftwomen; 7) professionals; 8) nurses; 9N
teachers ; 10) houscwives.

the Suzuki er al. method [34]. Instead, the GC/ECD
analysis on multiple gas chromatographic columns was
developed in our laboratory.

Chromatograms of the analyzed samples revealed that
the most significant single component peaks were those of
DDE and DDT. This study reports only the results of these
two compounds, as they are representative of environmen-
tal contamination. These compounds were present at such
concentrations, that it was possible to reliably establish
their identity under the conditions adopted.

Peaks with retention times corresponding to otherorga-
nochlorinated compounds were alsoidentified. These peaks
were in the part per billion order (ppb = pg/kg), and
therefore, their identity could not be cstablished with
certainty.

Table 1 reports the average, standard deviation, me-
dian, range of values and percentage of the samples with
measurable residues. As can be seen, there is a high
percentage of samples with measurable residues for all 3
compounds considered. DDE (average 45, range 5-126
ppb) was the predominant single component accompanicd
by smaller quantities of the parent compound DDT (ave-
rage 10, range 1-79 ppb).

To be able to compare our results with thosc obtained in
the period 1975-77 by Cerutti et al. [24, 25), the latter -
which were originally expressed by the authors on the
milk-fat basis - were transformed by means of the percen-
tage of fatreported in the same study, soas to express them
in term of milk’s weight. Table 2 shows the value distribu-
tions of the results obtained in this study as well as in
Cerutti’s [24, 25] according to arbitrary value classes.
Even with the precautions suggested by the limited num-
ber of samples considered in both studies, we noticed that
the average values of DDE and DDT found in this study are
lower that those calculated from the results reported by
Cerutti ¢ al. [24, 251.

Particularly noteworthy in our results is the lowering or
disappearance of higher valugs, i.e. higher than 140 ppb
and 24 ppb for DDE and DDT, respectively. In general
terms, an overall trend towards lower values is noticed in
the distribution.

In this study the ratio between average DDE and DDT
values was about 4.5, whereas in Cerulti’s it wasabout2.4.
Since DDE is a product of the transformation of DDT, the
higher its levels the older the origin of contamination.
Therefore, an increase of the DDE/DDT ratio indicates
that the contamination we mcasure today derives mainly
from DDT released into the environment in the past. This
indirectly proves the uscfulness of restriction and banning
of DDT which were issucd in previous years. A similar
variation of the DDE/DDT ratio over a 9-year ban period
for the use of DDT was reported by Skaare [18] in human
milk in Norway, also serving as an indicator of similar
consequences from restrictive measures taken both in
Norway and Italy.

Because these compounds are persistent and wide-
spread, the levels present in human milk do not depend
exclusively on the effect of measures taken in a single
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country. This study, however, sufficiently confirms the
downward trend of DDE and DDT levels, proving the
effectiveness restrictive measures may have on the envi-
ronment.

On the other hand, DDE values measured are, with the
exception of Greece, of the same order of magnitude as
those found in other EEC countries (Table 3), while DDT
values are among the lowest.

A health evaluation of the values found for DDT is
possible if we use the acceptable daily intake (ADI) as are-
ference, The ADI has been recently elaborated by the Joint
FAO/WHO Meeting on Pesticide Residues [35]. After

examining the existing literature, FAO/WHO established
the ADIvalue at0.02 mg/kg b.w. If we assume the average
weight of a child to be 3.5 kg and the average daily intake
of milk in the first three months of a child's life to be 700
g, wecalculate an average daily intake of 0.002 mg/kg b.w.
which is 10 times lower than the ADI proposed by FAO/
WHO. For DDE an analogous evaluation is not possible
since no ADI has been established.

PCBs were found in 84% of the samples at concentra-
tions ranging from 7 to 304 ppb with an average value of
74 ppb and a median value of 66 ppb (Table 1). These
values are not very different from those found by Ferioli et

Table 1. - Statistical parameters derived from values (uglkg of milk) of residues of p,p"-DDE, p,p"-DDT and PCBs found
in human milk samples from Rome and Florence during the period 1982-1985

Samples Mean Standard Median Range Positive
analyzed (no.) deviation samples (%)
p,p'- DDE 93 45 (n = 87) 34 5-126 93
p,p'- DDT 93 10 (n = 83) ' 1-79 89
PCB 61 74 (n = 51) 66 7-304 84

Table 2. - Comparison between the distribution of values (uglkg of milk) obtained in this survey and that of values reported
by Cerutti et al. [24, 25] and by Ferioli ct al. [26], arranged according to arbitrary classes

This survey

Cerutti ef al. (1975-1977)

Range Mean Samples (%) Mean Samples (%)
p,p'-DDE 1-20 26 10
21 - 40 34 25
4] - 60 10 30
61 - 80 45 14 68 10
81 - 100 (n=87) 7 (n=61) 7
101 - 120 7 3
121 - 140 2 3
> 140 0 12
p.p'-DDT 1-4 24 0
5-8 40 3
9-12 18 16
13 -16 10 8 28 22
17 -20 (n = 83) 6 (n=61) 17
21 -24 2 2
>24 ) 40
Ferioli (1982)
PCBs 1-20 6 5
21 - 40 26 17
41 - 60 16 28
61 - 80 74 12 67 17
81 - 100 (n=51) 16 (n=61) 1
101 - 120 16 11
121 - 140 0 11
141 - 160 2 0
161 - 180 4 0
> 180 2 0
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able 3. - Comparison among levels of residues (uglkg of milk) of p.p-DDE, p,p-DDT and PCBs founds in human milk in

some EEC countries

Country p,p'-DDE p,p'-DDT PCBs
Mean Range Mean Range Mean

ltaly (a) 45 5-126 10 1-79 74
(1982-85)

Belgium (b) 59 2-150 47 20-75 nr.
(1976)

Denmark (b) 28 24-31 35 n.r. n.r.
(1982)

FRG (b) 65 15-230 93, 2-190 133
(1973-74)

Greece (b) 258 nr. 86 n.r. n.r.
(1974-75)

The Netherlands (b) 24 nr. 67 n.r. n.r.
(1979)

United Kingdom (b) 41 1-210 3 1-40 n.r.
(1979-80)

(a): this survey; (b): data from Jensen [21]; n.r.: not reponted

al. [26] in 1982. To date, no ADI has been established for
this class of compounds. From our results we calculate an
average daily intake, under the previously described con-
ditions, of 0.007 mg/kg b.w., which is similar to those
found in other EEC countries [21] such as Belgium (0.008),
Denmark (0.010), West Germany (0.011), the Netherlands
(0.003) and United Kingdom (0.003).

Both for DDT, DDE and PCB no attempt has been made
to evaluate the results according to parameters such as
origin and place of residence, age, parity and occupation,
due to the fact that for many of these samples such

information was not available and also because the num-
ber of samples for each class was in some cases very
limited. _

Hence, although this study offers useful information for
acomparison with previous investigations, itis clearly not
to be considered final since an analysis of a larger number
of samples including many more geographic areas is
needed to render it more representative.

Paper submitted on invitation by the Editorial Board of the Annali.
Accepted for publication: 24 October 1989,

REFERENCES

1. ACKER, L. & SCHULTZE, F. 1972. Occurence of hexachlorobenzene and polychlorinated biphenyls besides chlorinated insecticides in human

fat tissucs and milk. Ernaehrungsforschung 16: 559-567.

2 ENGST, R. & KNOLL, R. 1972. Residues of chlorinated hydrocarbons in human milk. Pharmazie 27: 526-531.

3. WESTOO, G. & NOREN, K. 1972. Levels of organochlorine pesticides and polychlorinated biphenyls in Swedish human milk. Var Foeda 24:

41-54.

4. DIMENT, R.G., HEBERTSON, LM., DEACKER, W.J., GOMES, ED. & WISEMAN, J.S. 1971. Relationship between levels of chlorinated
hydrocarben pesticides in human milk and serum. Bull. Environm. Contam. Toxicol. 6: 449-452.

h

Anzona. Bull, Environ. Contam. Toxicol. 6: 169-172.

HAGYARD, S.B., BROWN, W.H., STULL, I.W., WHITING, F.M. & KEMBERLING, S.R. 1973. DDT and DDE content of human milk in

6.  SAVAGE, E.P. 1976. National study 1o determine levels of chlorinated hydrocarbon insecticides in human milk 1975-1976. Environmental

Protection Agency, Washington, D.C. (EPA 540/9-781005).

7. WICKIZER, T.M., BRILLANT, L.B., COPELAND, R. & TIDDON, R. 1981. Polychlorinated biphenyl contamination of nursing mother's milk

in Michigan. Am. J. Public Health 71: 132-137.

8. EGAN, I, GUILDING, R., ROBURXN, J. & TRATTON, J.O.G. 1965. Organochlorine pesticide residues in human fat and human milk. Br. Med

J. 20 66-69.



160

=]
A

33

TUINSTRA, L.G.M. 1671, Contzmination of milk and dairy products by organochlorimated pesticides in the past 5-6 years. Neth. Milk Dairy J.

25:24-29,

KONTEK, M., KUBACKI, S., PARADOWSKI, §. & VIERZCHOLVIEKA, A. 1971. Determination of chlorinated pesticides in human milk.
Pediatr. Pol. 46: 183-188.

HEYNDRICKX, A. & MAES, R. 1969. Excretion of chlorinated pesticides in human milk. J. Pharmacol. Bely. 24: 459-463.
GRACHEVA, G.V. 1970. DDT excretion with the milk of nursing mothers occupationally unexposed to this insccticide. Vopr. Pitan. 27: 75-78.

RITCEY, W.R., LAVARY, G. & Mc KULLY, K.A. 1972. Organochlorine insecticide residues in human milk, evaporated milk and some
substitutes. Can. J. Public Health 63: 125-132.

TAKEDA, M. et al. 1972, Analysis of pesticide residues in foods. VII. Organochlorine pesticide residues in mothers milk. Shokukin Eisegaku Zasshi
13: 442-447.

NISHIMOTO, T., UYETA, M., TAUE, S. & CHICAZAW A, K. 1972. Organochlorine pesticide residues and PCB in breastmilk. Igaku Mo Ayumi.
82: 974-975.

ADAMOVIC, V., SOKIC, B. & PETROVIC, 0. 1971. Knowledge of factors which affect the occurrence of organochlonne insecticides in organism
from newboms. Erndhrugsforschung 16: 579-585.

ASTOLFI. E., GUGLIELMONE, P., HIGA DE LANDONI, J., CRESCENTI, C. & GOTELLI, C. 1982. Residuos de plaguicidas organoclorados
en leche madema. Boletin de Plaguicidas 23: 1-5.

SKAARE, 1.U. 1981. Persistent organochlorinated compounds in Norwegian milk in 1979. Acta Pharmacol. Toxicol. 49: 384-389.

WEISENBERG, E., ARAD, I, GRAUER, F. & SAHM, Z. 1985. Polychlorinated biphenyls and organochlorine insecticides in human milk in
Israel. Arch. Environ. Contamn. Toxicol. 14: 517-521.

JENSEN, A.A. 1983. Chemical contaminants in human milk. Res. Rev. 89: 1-128.

JENSEN, A.A. 1985, Assessment of the presence of potentially 1oxic substances in breast milk with special emphasis on the European Community.
Report submitted by the Commission of the European Communities at Consultation on Organohalogen Compounds in Human Milk and Related
Hazards. Bilthoven, 9 to 11 January 1985. Report CEC Study no. 830465.

PACCAGNELLA, B., PRATI, L. & CABAZZINI, G. 1966. Ricerche gascromatografiche sull’inquinamento ambientale da insetticidi cloro-
derivati organici nella provincia di Ferrara. Arcisp. S. Anna Ferrara 19: 357-365.

CERUTTL G., KADERAVEK, G., ZAPPAVIGNA, R., GEROSA, A. & PIROVANO, G. 1975. Grasso, acidi grassi, gliceridici e residui di
antiparassitari clororganici in colostri di donna. Latte 1: 731-736.

CERUTTL G., GEROSA, A., ZAPPAVIGNA, R. & PIROVANO, G. 1976. Residui di antiparassitari organici clorurati in latti di donna. Latte 2:
317-321.

CERUTTI, G., MANNINO, S., GENEVINI, P.L., KADERAVEK, G., FINOLI, C. & PAGANI, A. 1978. Latti di donna 1976/77. 2. Elementi
mincrali e residui di antiparassitani cloroorganici. Larte 3: 4-14.

FERIOLI E., IEMMA, A. & CALO, G. 1982. Alcuni risultati sulla presenza di PCB nel sangue e latte umano di abitanti nella provincia di Milano.
Boll. Lab. Chim. Prov. 33: 113-122.

ITALIA. 1970. Decreto Ministeriale 14.1.1970. Divieto e limiti di impiego di presidi sanitari contenenti DDT relativamente alle singole specie
vepetali. GL.U. n. 34 del 9.2.1970.

ITALIA. 1973. Decreto Ministeriale 31.7.1973. Limiti di impiego del DDT negli antiparassitari. G.U/. n. 213 del 18.8.1973.

ITALIA. 1974. Decreto Ministeriale 14.8.1974. Divicto di impicgo in agricoltura dei presidi sanitari contenenti esaclorocicloesano (BHC). G.U.
n. 229 del 3.9.1974.

ITALIA. 1975, Decrete Ministeriale 12.7.1975. Limitazioni di impiego in agricoltura di presidi sanitari contenenti Lindano. Fissazione dei limiti
di telleranza dei residui di Lindano negh aliment. G.U/. n. 210 del 7.8.1975.

ITALIA. 1978, Decreto Ministeniale 11.10.1978. Divieto di impiego in agricoltura per la protezione delle piante ¢ a difesa delle derrate alimentari
immagazzinate dei presidi sanitari contenenti il principio attivo DDT (diclorodifeniltricloroetano) ¢ revoca delle registrazioni dei presidi sanitari
contenenti tale principio attivo, G.U. n. 298 del 24.10.19758.

DOMMARCO, R., DI MUCCIO, A., CAMONTI, I, SANTILIO, A. & GIGL], B. 1986. Indaginc ¢ valutazione dei livelli di p,p’-DDE, p,p'-DD7
e policlorobifenili (PCIY) in campioni di latte umano prelevati nella zona di Roma. Nuovi Ann.lg. Microbiol. 37: 219-232.

“ DOMMARCO, R., DI MUCCIO, A., CAMONI, 1. & GIGLI, B. 1987. Organochlorine pesticide and polychlorinated biphenyl residues in human

milk from Rome (haly) and surroundings. Bull. Environ. Contam. Toxicol. 39: 919-925.

SUZURL T, ISHIKAWA, K., SATO, N. & SAKAIL K. 1979, Determination of chlerinated pesticide residucs infoods. 1. Rapid screening method
for chlorinated pesticides in milk. J. Assoe. Off. Anal. Chem. 62: 681-684.

FAOMWIIO. 1985, Report of the Joint FAOIWIO Meeting on Pesticide Residues in Food. September 24 - October 3, 1984, Rome. FAO Plant
Production and Prowecton Paper no, 62,



