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INTRODUCTION

The work on the coffee plant, the economically impor

tant culture in Brazil has continued, with further investigation

on residues, which could toe a problem in international marketing.

Tha previous results raised questions not clearly understood, which

will be discussed in individual teste.

Investigations performed in the period covered by

this report deal with foliar and root application of C-lindane

to either potted or hydroponic solution cultivated coffee plants in

short and medium time experiments. As former results indicated

rapid and continuous loss of the labelled insecticide, new

experiments were designed to study the loss of lindane by vapor

phase.

Methods, where similar to those presented in earlier

reports, will not be described.

S09t, 100, IX-75 I. O.K.
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EXPERIMENTAL AMP RESULTS

I. ABSORPTION, TRANSLOCATION AN ACCUMULATION OP
14,C-LINDANE IN COFFEE PLANTS

Divided in two parts, these experiments involved the

study of movement of 4C-lindane applied (l) to a nutrient solution

where coffeo plants were grown and (2) to the leaf surface of

potted soil' plants.

1. 14,C-Lindane applied to nutrient solution

14,
In the first 24 hours after the application of

C-lindane to the roots kept in water solution, the chemical concentrated

in the roots, more in the small than in the larger ones (Table 1 and

fig. l). Very little activity was detected i»i the stem and leaves. In the

case of roots, the results suggested that after 24 hours the concentration

might become steady indicating an equilibrium between the roots and the

pesticide solution in which they are immersed. Similar results were

obtained in medium term studies lasting for 21 days, presented in Table 2

and Figure 2. In the first 3 days, there is a continuous increase

concentration in secondary roots, main root and stem. In roots,concentration

becomes steady with time, as shown by the plateau in Figure 1. In stem,

behaviour is approximately the same as in roots. In leaves, there is a

small but continuous increase in labelled material.

14,
In connection with these experiments on the application of

C-lindane in solution, it is worth to mention that after the tests

were finished, the aqueous solution from this and some other

tests was extracted. Results on the gas chromatograph and thin layer

5001. 100, 1X75 I. O.K.
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radiochromatography scanning showed that C is mainly lindane.

However, we have not yet tried to identify the compounds that are

moving up in treated plants.

2. Relation of uptake of ^C-Lindane into macerated plant material

In the previous report, in the section dealing with

sorption, we have noticed a systematic error made in calculating the

desorption coeficients — all values were five tiraoB two small

(tables B and C). The corrected values are:

secondary roots

main root

stem

leaves

sorted

table B

76
83
45
90

table C

220

225

167

283

desorbed

table B

124

85
49
218

table

563
567
281

690

The small quantities of plant material in the tests make it

difficult to be certain that no solids are lost during the manipulations

needed for the tests. Such losses may be partly or entirely responsible
K K

for sorbing being less than describing, and the different values

found in the two tests. Nevertheless, the results are sufficiently in

agreement to clearly demonstrate a strong sorption which is largely

reversible in a short time.
a. Interpretation of the results

Experiments summarized in tables 1 and 2 show that lindane

was concentrated in roots immersed in an aqueous solution. There was an

initial phase of rapid uptake lasting about one day, followed by phase

of slower uptake lasting about one week. The earlier tests with macerated

roots and stems showed a rapid, probably instantaneous,

5001. tOO, IX-75 I.O.t
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absorption of lindane from aqueous solution» The concentration of1

the insecticide in plant material was about 100 times greater than

in aqueous solution. The process was reversible since when the

solids were transferred to fresh water lindane was desorbed. The

distribution coeficient sorting and desorbing were of the same

order, although distribution tended to be more in favor of solids

when desorbing than sorbing.

Therefore, it seems likely that the uptake of lindane

by the plant roots from aqueous solution is a reversible physical

process.

14-2. C-Lindane foliar application

14,,
Having established the fundamental patterns of uptake

of il*C-lindane applied to the roots and the subsequent translocation

and accumulation in plant parts, an attempt was made to determine

if any movement of the chemical downwards occurred, following its

application to the surface of an upper leaf.

The tests were performed with plants growing either in

pots or in solution, using the same experimental conditions already

described in earlier reports. From the results, summarized in tables

3 and 4, the following conclusions can be drawn:

a. About 90$ of the activity is lost from the treated leaf in the

first 2-3 days.

b. Small activity was found in untreated leaves with a maximum of

about 0.2-0.5$, 4 to 7 days after treatment.

c. About ̂  of this quantity was found in the stem, after the same

time. The activity in leaves and stem oould be the result of

radioactive material being internally translocated or due to the

500 B. 100, IX-75 I.O.C



r SECRETARIA DA AGRICULTURA

COORDENADORIA DA PESQUISA AGROPECUÂRIA

INST1TUTO BIOLÔGICO

N.o_ -5-

volatilization of 4C-lindane and the subsequent absorption of the

vapor through the leaf cuticle or stem epidermis.

d. There is a suggestion of radioactivity accumulating in the roots

for about a week. Countings were well above background when plants

were kept in solution. Very little lindane would be expected to pass

from roots to aqueous solution, because earlier results (tables 1

and 2, and earlier reports) indicated a concentration of lindane

from aqueous solution into roots.

e. When plants are grown in soil, there was much less radioactivity

foond in the roots. If the material ie radioactive lindane, this

might be explained either by soil absorbing the lindane or protecting

the roots from chance contamination.

f. More definitive tests are needed, to ascertain if there is any

translocation from the leaves to the roots.

As in experiments dealing with movement of C-lindano

in coffee plants kept in nutrient solution, we did not try to

identify the radioactive materials being transferred and to determine

if they were lindane, metabolites or even radioactivity impurities.

It can be observed from tables 3 and 4 that the amounts

of aotivity measured in the tests are relatively small. Thus, it ha:

been necessary to improve counting techniques, and so, readings for

each samples were repeated, and each count made for 10 minutes or

until 10,000 counts.

500», 100, 1X75 I. O.K.
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II. LOSS OF LIHDANE BT VAPOR PHASE

To elucidate the sort of IOBS of labelled material

observed in the balance sheet of the experiment on foliar application

of 4C-lindane (tables 3 and 4)/the volatilization of lindane from

coffee plants was examined as next described.

1. Collection of lindane vapors from air

a. Lindane was sorbed from air by drawing it through an 8 mm

internal diameter glass tube containing a 4 cm length of polyurethane

foam«Preliminary tests showed that 2 cm of foam sufficed to absorb

all lindane vapors and that the lindane could be completely recovered

from the foam by washing it 2 times with 5 ml of petroleum ether

b. Air was sucked through the foam using o water vacuum pump,

The pressure was regulated using a simple constant pressure device.

The flow rate was monitored by counting the rate of bubbling through

water in a gas wash bottle, which had been previously calibrated

using flow from a constant head aspirator

2. Plant assay

Toung seedlings of coffee plant (Coffea arabica L. var.

Novo Mundo) of about 4 - 6 leaves were kept in water. In all

experiments, a single leaf was treated with 1 microliter of a

petroleum ether solution of 1 mg of lindane/ml. After application of

the insecticide,plants were kept in the following different conditions:

a. Juat left in open air

b. Treated leaf was inserted in the end of a tuba containing the sponge

and air was drawn from the leaf through the sponge - rate of

air flow 100 ml/min.

500 », 100. IX-75 I. O. C.
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o. The aerial parts were enclosed in a glass vessel,from which 1Q0 ml/min.

air was extracted through a tube containing sponge >

d. The aerial parts were enclosed in a similar vessel without

extraction of air.

e. Untreated plant was kept in the laboratory atmosphere

f. Laboratory air (100 ml/min-) was drawn through a plastic sponge

in a tube.

Diagram of the system

glass vessel

—>vacuum pvunp (100 ml/min)water

3. Analytical method

Lindane was recovered quantitatively by washing the sponge in

the glass tube twice with 5 ml petroleum ether. Leaves were extracted

by immersion in 10 ml petroleum ether for at least 1 hour. All glassware
with

was washed petroleum ether immediately before use. The plastic sponge

was washed before use until no further impurities were extracted by

petroleum ether. All extractions and washings were made up to 10 ml.

Further dilutions were made as required for Gas Chromatography

determination». The gas chromatographic analysis was performed with a

CG-370 model instrument, equipped with an electron capture detector

containing a tritium ionization source. The column were 2 mm x 1.20 m

glass tube packed with 2$ OV-17» supported on Chromossorb W. The

detector temperature wati 210° C, and the carrier gas was nitrogen. The

5008, 100, 1X75 I. O.S.
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amounts of lindane were determined by comparing it» peaks with

those of a Btandard solution. Preliminaiy teste had shown that (l)

method of application of 1 microlitar was raproduceble and (2)

method of extraction of both leaves and sponge was quantitative.

4. Results and conclusions

The results, summarized in table 5 show that in open air

much lindane is lost from the treated leaf of a coffee plant in 2

hours and that a small amount of the chemical moving in the vapor

phase is deposited in untreated leaves* of the same plant. When the

treated leaf is enclosed in a glass tube with a sponge and air is

sucked from the leaf through the sponge, most of the chemical was

found in the sponge, leaving only a small residue on the treated

leaf. Is this case, the chemical is not found in untreated leaves.

If the plant is covered with glass vessel from which air is extracted

through a tube containing sponge, the larger amount is still found in

the sponge, but both treated and untreated leaves retain considerable

residues, which are greater than in open air. The container is

contaminated also with lindane. However, when the glass vessel is

not aerated most of the lindane applied to a single leaf is found in

the untreated leaves and in the container. Movement of lindane

appears to be in the vapor phase, because when a treated leaf is

enclosed in a tube, most of the chemical is found trapped in the

sponge. In the closed unaerated system, most of the chemical is

transferred to the untreated leaves, indicating the possibility of

transference from one leaf to another. The greater amount found in

untreated leaves my be explained by equilibration between a single

treated leaf and the larger number of untreated ones. When air is

being drawn through the vessel, less lindfcne was found in untreated

leaf, as might be anticipated, since the chemical is actively being

carried away.

5008, 100, IX-7S I.O.E.
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These results, taken in conjunction with our earlier
expérimente on the movement of lindane after topical application in
a single l'eaf of coffee plants, make it possible to ascribe the
small amounts the chemical found in untreated plant parts xo movement
as vapor. This would also explain the loss of activity always found
in treated leaves (tables 3 and 4), without it reappearing elsewhere
in the plant. These conclusions are supported by our failure to detect
lindane in untreated leaves when the treated leaf was isolated in air
stream , although a email quantitity of lindane was detected when
the plant kept in the open (table 5)»

Thus, if any movement within the plant following topical

application is to be demonstrated, the experimental conditions must be

arranged in such a way as to avoid the dominant efect of transfer

by vapor.

500 B. 100. 1X75 I. O.K.



r SECRETARIA DA AGRICULTURA

COORDENADORIA OA PESQUISA AGROPECUÂRIA

INSTITUTO BIOLÔGICO

r
-10-

SUMMARY AND CONCLUSIONS

1. The distribution of ^C-lindan- in coffee plant» grown in nutrient
14.

solution containing C-lindane was investigated in:

(a) short term - After 24 hours radioactivity accumulated in the

roots and the concentrations were greater in the secondary than

in the primary roots. Little activity was found in stem and leaves

(table 1 and figure l).

(b) medium term - In plants kept in nutrient solution for up to

21 days activity in roots increased steadily until ft reached a

plateau, after 3 to 7 days, indicating a slow equilibrium between

roots and solution (table 2 and figure 2).

2. C-lindane was rapidily absorbed from aqueous solution by macerated

tissue of roots, stem and leaves» When the solids were transferred

to fresh water, lindane was desorbed, indicating that the uptake of

lindane by the solids of the coffee plant is a reversible physical

process.

3. Studies of the distribution of ^C-lindane after treatment of a

leaf of coffee plants grown in pots and in solution, indicated a

?JSS of about 90$ of radioactivity in the first 2 to 4 days, without

recovery elsewhere in the plant. This strongly suggests a loss by

volatilization. Very little activity was found in untreated leaves

and stem, but there appeared to be a maximun 4 to 7 days after

treatment (tables 3 and 4).

SCOt, 100, IX-75 I. O. C.
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Gas chromatograph studies showed that $0% of lindane applied to a
leaf evaporated within 2 hours. Comparison of redistribution in
closed and open systems demonstrated migration of lindane in the
vapor phase to untreated leaves (table 5). This does not exclude
a slower and possibly smaller translocation within the plant,
suggestedbyexperiments using radioactivity.

500 B, 100, K-75 I. O.K. J
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TABLE 1

Distribution of radioactivity in coffee plants

after root immersion in flasks containing

aquaeous solution

(short term studies)

of 14C-Lindane*

Plant part

Secondary
root

Main root

Total root

Stem

Leaves

Labelled
solution

Time of root exposure (hour)

2

2083

855

1218

409

103

533

4

3963

1237

2045

459

140

538

8

3114

1903

2262

387

90

534

12

16365

1938

6213

774

89

576

16

13150

5153

3630

976

109

571

20

10558

3633

4999

859

153

527

24

17390

2762

7096

2033

124

506

Each figure corresponds to toal counts in dpm per gram of fresh

weight (dpm/g).
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Distribution of radioactivity in coffee plants

after root immersion in flasks containing

nutrient solution of

(medium term studies)

C-Lindane

Plant part

Secondary
root

Main root

Total root

Stem

Leaves

Labelled
solution

Time of root exposure (day)

0

1014

547

822

153

290

515

1

13129

7217

10819

3376

279

510

3

48706

21101

25222

15844

361

585

7

32141

13115

19516

6046

180

569

14

29594

18213

22601

8661

1411

521

21

39822

12793

27586

3898

2239

469

Each figure represents total counts in dpm per gram of

fresh weight (dpm/g)-
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TABLE 3

Distribution of radiocarbon in coffee plants kept in

nutrient solution after foliar application of C-Lindane

(medium term experiment)

Plant part

Secondary
root

Main root

Total root

Stem

Leaves

Treated
leaf

Time «vfter treatment of leaf (days)

2

14

0

14

1325

343

242550

4

214

163

376

2292

8936

237,758

7

735

564

1299

563

1383

303.437

14

283

50

333

1477

1325

164484

21

11

0

11

49

265

78,702

28

39

6

65

405

866

16,993

1A

C, in dpm.

Applied activity: - 0,98 uCi • 2.195.094 dpm-.

Bach figure represents the mean of assays on three separate plants.

All results corrected for background counts approximately equal to

30 cpm.
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TABLE 4

Distribution of radiocarbon in potted coffee plants after

foliar application of C-Lindane

(medium term experiment)

Plant part

Secondary
root

Main root

Total root

Stem

Leaves

Treated
leaf

Time after treatment of leaf (days)

3

74

120

194

218

2400

211520

5

61

33

94

401

674

195725

7

88

199

285

808

3875

283706

14

0

0

0

123

705

190701

21

19

103

122

165

708

67701

28

53

39

92

104

835

77169

^C, in dpm

Applied activity: - 2.195*094 dpm (corresponding aproximately to

1 micro-Curie).

Each figure represents the mean of assays on three separate plants.

All results corrected for background counts approximately equal to

30 cpm.
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TABLE 5

Distribution of lindane (lOOOng) applied to one leaf of

a coffee plant, kept under under different

conditions, afler 2 hours

Post

treatment

Open air

Treated leaf
in tube

Aerated
vessel

Non aerated
vessel

Kanograms (ng) of lindane recovered

Leaves

Treated

I8.5

98

126

92.5

Untreated

7

0

196

592,5

Sponge

*

815

722

*

Container

•

*

17

248

Total

25.5

913

1061

933

No lindane was found in leaves from untreated plants; 4 ng was found in
plastic sponge through which laboratory air was drawn.

Not used
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