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INTRODUCTION

Studies on the removal of spray residues have been carried on with
apples grown in the Shenandoab-Cumberland Valley during the four
sensons 1934 th 1937, mclusive.  The results for the first twe seasons
have been presented in & previous publication (6}, and the results lor
the last two dessons are presented herein. The purposes of these
ifvestigations fvere to determine the cffect of certain modifications of
the spray progham on residue removal and the relative effectivencss of
various washigg treatments in removing the residue as influenced by
spray treatmedt, maturity or ripencess of the fruit, and other factors.

At the timd these investigations were conducted the reguiatory
tolerances for spray residucs were §.018 grain of lead and 0. 010 grain
of arsenious oxide (As,0;) per pound of fr uit. Since then the tolerances
have been raised to 0.050 grain of lead and 0.025 grain of As.O; per
pound. The new standards will make it possible for some additional

1 Subntitted for puhliention Navembor 25, 1841,
1 Itnlie numbers In pmrentheses refer o Llterstore Cloed, p. 3.
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growers to avoid whshing entirely and for others to use less severs
washing trcatments. In the investigations reported hercin, aven
when only five cover sprays were used the lead residucs were in excess
of the present lead tolernnce, showing that cleaning would be nacessary
even with. fairly simple spray programs. Consequently, the change
in the tolerances has not materially affected the value of the results.
As indicated previously (6), it is not possible to formulate precise
directions for washing apples after a given spray practice to mect any
porticular residue tolerance, because of the great variability in tho
spray-residuc load resulting from many uncontrollable factors, such
as growth conditions of the trees and thoroughness and tims of spray
applications. Tor this reason the results have been presented and
discussed largely from the standpoint of the relative eflects of the
various treatments and not of meeting any particular residue tolerances.
The determination of these fundamental principles forms a basis Ly
which spray-residuc problems of the individual growers may be solved.

REVIEW OF LITERATURE

Since this work was started there have becn reported a number of
experiments in which both the lead and the arsenic determinations have
been presented and the ratios of lead (Pb) to arsenious oxide (As,O,)
have been or may be computed.  For the lead arsenate spray material
(PbHAsOy) this ratio is 2.09 (2).

Hartzell and Wilcoxon (7) determined the lead and the arsenic on
apples at harvess.  The ratios on 20 duplicate samples (4 apples only
per sample) ranged from about 3 to about 30 and averaged 9.1. These
investigators concluded that the arsenic weathered off more rapidly
than the lead. However, the great variability in the ratios between
the duplicate samples would indicate large sampling or analytical
Crrors,

Robinson and Hatch (16) determined the solubility of the lead and
the arsenic of lead arsenate in hydrochloric acid, sodium silleate, amd
olher solutions. In the acid the lerd and the arsenic were dissolved
m the same proportion in which they existed in the lead arscnate,
whereas in sodium silicate the lead was slightly more soluble than the
arsenic.  However, in the spray residucs after washing with hydro-
chloric acid solutions they found the ratio of remaining lead to romain-
ing arsenic to be higher than the ratio in the spray material when
waxy or oily apples were used but not whea nonwaxy apples were used,

Overiey ot al. (13) reported lead and arsenic determinntions on
apples after various spray and washing treatments. They stated that
““the ratio of lead to arsenic, which exists in lead arscoate itsclf, is not
maintained in washed fruit.” They obtained ratios of lesd to arse-
nious oxide ranging from approximately 1 to more than 10. The ratios
did not vary consistently with any spraying or washing treatmen L,
and in somec instances the ratios of duplicute lots differed grontly.
This would indicate that the variations were probably due largely to
snalytical or sampling errors.

MeLean and Weber (11), using various spray treatments and varie-
tics, obtained ratios at harvest of 2.3 to 3.6 (average 3), and, after
washing the fruit with hydrochloric acid (HCI} solutions at room
temperatures, retios that ranged from 3.1 t0 6.3 (average 4.1).
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Pentzer (15}, with several varicties and spray éreatments, obtained
average ratios for the residues at harvest essentially the same as that
for the spray material. The ratios after washing with HCI solutions
were somewhat higher (about 2.5) but probably not significantly
different from that for the original spray material. Residues after
washing were frequently very low, so that a slight error in the deter-
mination of either the lead or the arsenie would result in g large crror
in the ratio,

Analyses given by Hough (70) for York Imperial, Ben Davis, and
Gano with various lead arsenate spray treatments indicated ratios at
hurvest of 1.6 to 2.1 (average 1.9). After washing with various
hydrochlorie acid solutions and some sodium silicate solutions, Lho
ratios averaged the same as ab harvest with somoewhat greater varia-
tion, but with no consistent relation to the spraying or the washing
trentments,

Weber et al. (19) presented data indicating that the ratios at harvest
for various spray treatments ranged from 4.5 to 6.6 (average 5.6).
After washing with a hydrochloric acid solution the ratios ranged
from 3 to 5 (avernge 4).  They concluded that the arsenic weathered
from the fruit to a greater extent than did the lead. On the other
hand, the resuits indicnted that a somewhat greater proportion of
Iead was removed during washing.

Working with York Imperial and Stayman Winesap apples in
Pennsylvania, Trear and Worthley (4) oblained tatios of 3.56 when
no sticker was used and 2.17 and 2.24 when skim-milk powder and
fish oil were used, respectively. They stated that the ratio was
greatest when no modifying agent was used.  On the other hand, in
similar spray treatments reported in an carlier publication (8), they
oblained corresponding ratios of 3.1, 2.9, and 3.9, indicaling that the
ratio wml; greater when fish oil was used than when no modifying agent
wits used.

Ellenwood et al. (1) reported analyses of apples from four spray
treatments in which lead arsenate was used. The average ratie of
lead to arsenious oxide on apples from these sprays was 2.55 at
harvest (before washing) and 161 alter washing with 1 percent acid.
Their results indicale o somewhat greater removal of lead than of
arsenie during washing.

Fabey and Rusk (2) detormined the ratio of lead to arsenious oxide
on apples and leaves fron various spray plots.  Analyses were made
inmediately after ench cover-spray application and after the residues
had weathered during o season of very heavy rainfall (average of
0.17 inch per day) and one of very light rainfall (average of 0.08 iuch
per duy). The average rutio for 248 samples did not differ signifi-
cantly from that for the original spray material. They considered
that the high ratios obtained by carly investizators probably were
due to inadequace samples or to unrehable methods of analysis.

Pearce and Avens (74) found that the ratio of lead to arscnic was
ser-ovhat higher than the theoretical (2.2 to 3) at harvest and that it
wis slightly higher after washing than before (2.4 and 2.5 after as
compared with 2.2 before}. The ratio was less with oil in the sprays
than without,

Cassil and Moulton # determined the arsenic as well as the lead on
certain lots o) Youk Imperizl apples used in these investigations and

3 Gassi. C, O, ard Mowstox, C. U, Unpuidfsied dutn fyr Inetary 1957,
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obtained fromr spray plots 1 and 2 (table 1} in 1936. At harvest an
average Ph/As: O, ratio of 2.2 with a standard deviation of 0.25 was
obtained. Apples from these spray plots were washed with an acid
solution alone at room temperature and with an acid wetting-ngent
solution at 100° . For 24 determinations the mean vatio after
washing was 2.4 with a standard deviation of 0.3. There were no
consistent differences due to spraying or washing treatments.  These
results indicate ratios slightly higher than in the orviginal spray
material, particularly after washing, butb the varinbility was such that
the difforence was not statistically signifieant or great enough to be of
much practical importance.

From this review of the literature there appears to be considerable
disagrecment as to the vatios of lead te arsenious oxide that obtain at
harvest and after washing.  However, ratios that do not differ greatly
from that in the lead arsenute spray material were found by a majority
of the investigators (I, €, 10, 14, 15, 16) 4. SBome, as Frear and
Worthley (3, 4) and Overley ¢t al. (8), in most instances obtained
ratios approximating the theoretical but in other instances obtained
ratios that were distinefly divergent. The variations were not con-
sistent with any particular type of spraying or washing treatments.
QOnly in the case ol Hartzell and Wileoxon (7) and McLean and Weber
(11} wore the ratios rather consistently at variance with the theo-
retieal. 1t is Jilficult to understand why these fovestigators should
have obtained such high ratios when other investigators using similar
tvpes of spraying and washing treatments do not obtain them., In
general,the results scem to indicate that, with the present (1940-41)
tolerances {0.050 and £.025 grain per pound, respeetively, for lead and
arsenious oxide), apples sprayed with lead arsenate would carry lead
and arsenic residucs approximately in the same proportion as the
tolerances, 50 that washing treatments that are effective for lead would
be sbout equally sc for arsenie. For this reason lead only was do-
terminod 1 the Investigations herein reported. The consequent
saving in time permitted more extensive removal investigations than
would have been possible if both lead and arsenic had been determined.

MATERIAL AND METHODS

The apples for these investigations were obtained from sprav plots in
an orchard near Martinsburg, W, Va. Stayman Winesap, York
Tmperial, and Delicious were used in 1836, and Staywan Winesup,
York Imperial, and Winesap in 1937,

The sproy treatments are outlined in table 1. These consist of 3
and 7 cover sprays of lead arsenate with and without bordeaux mixture
and with and without mineval oil emulsion in the seccond-brood cover
sprays, and in one instance (freatment 5) with mineral oil emulsion in
the second and third cover sprays. ISach spray treatment was repli-
cated on 2 plots of 1 or more (usually 2) trees per plot.

The cumulative rainfall for the growing seasons is shown in figure 1.
The apples were harvested during the commercial harvest season, and
in some mnstances an eatly and a Tate picking were also made,

The washing treatments outlined in table 2 were used.  Certain of
these washing treatments were used in both seasons and with all lots

¢ See fpotnote 3,
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of apples. Others were limited in their application to certain lots and
seasons, as indieated in the tabulation of results (sco tables 3 to 8).
The samples for chomical analysis consisted of duplicate lots of 30
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Frauone |, - Comselative esinfall during the growing seasons of 1936 and 1937 at
United Btates Weather Bureau stations nearest to experimental plots.  Num-
bers | Lo 7 on curves indiente cover-spray applications. S, 8, and S; and ¥,
Y, and 13 represent Hest second, and third pleking of Stayiuan Winesap and
York Tinperial appies, respectively.

apples from the replicate spray plots.  Lead only was determined by
the mush-dithizone-electrolytie method desceribed by Wichmann ot al,
(20).
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TarLs L—0uiline of treatments for apples wsed in czyerimenis on removal of
spray residue
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RESULTS

The general duta ave shown in Lables 3, 4, and b for Stayman Wine-
sap, York Imperinl, and Delicious, l'cs})vuiwciy in 1930, and in tables
6, 7, and 8 for Stﬂ.ymn.n \\mvsu.p, York lm.pon'ﬂ, and Winesap,
respectively, in 1837, Some of she avernge resulls from spray treat-
menis 1 and 2 on Slayman Winesap and York lmperial are also
presented in figures 2 and 3.
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Figonrs 2,—Lead residues al harvest and after various washing treatments on
Stayman Winesap (S} end York Imperial (¥) 1936. (Sec tables 1 and 2 for

deseripiions of spray and washing trestments.
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Figune 3.—Lead residues al harvest and affer various washing treatmentis on
Stayman Winesap (S) and York Dmperial (3) 1837, {Scc tables 1 and 2 for
deseriptions of spray and washing trentments)
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TaBLE 3.—Lead residue on Stayman Winesap apples in relation lo spraying -and washing- {reatments, time of picking, and delay before
washing, 1936

[Results expressed as grain per pound of fruit and percent of residue before washiag]

Spr[:)énttrfap : Lead residue after washing treatment 2—

Delay before wash-
ing and- No. and R
dateof picking Rep- b 1

No. ! li- / By

cate § i

; 1 Per- . o
Grain Grain Graint cent | Grain! 1 Grain Grain Grain Grain Grain
No'delay: 0.017 2 0. e .

1(Sept.23) ...

2{0ct. 5)........

-

30t 13),. . ..

{
{
{
{
{
{
{
{
{

PO TRORDITOTR DTS

13-day delay at room
temperature:,

a .
b i .06 202
2(0ct. 5) ,M,--{ i 103
{ b | 020 33

i

1. For details of spray treatments, see table 1; & and b refer Lo tree replicates,
? For details of washing treatments, see table 2.
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‘TasLe 4. -Lead residue on York I'mperial apples in relation to spraying and washing treatments, time of picking, and delay before washing, 1936

[Results expressed us grain per poring of frult and percent of restdue before washing)

" ‘ ‘“1";&“"‘{ cat- Lead residue after washing treatment -
Jelay before washing and
Na. and date of picking —

No. {”f,ﬁ,‘fl' B-2 ' B-3 c-1t C-2 , D1 De2 D4

. T : | . i L . .

Nodelay: ; in Grain ‘I’trcenl in 1 Percent Percent 3 Grain | Percent § Grain Percent . Grain . Grain ; Percent
7 100 6 : 2] 7 . 012 164 . RN S i :

16 . .

25 ¢

1(Oct. 8)ocnn. .- —aad

2(0ct I18)ivvmenn L

3(Oct. 26). e

TRTRoTRoR oo onoR

7-day delay’ at room temn-
perature:

2 (Oct. 15)

13-day. delay at room tem-
perature:

1
2{0ct: 15) . ciiimiiaen {

2

L e I oo S s ey S i Nty Vg e o

. 096 100

SATAAV IWOUd SANAISHY XVHIS J0 TVAOWHY

! For details of spray treatments, sec table 1;-a-and b refer to tree replieates.
? For details of washing treatments, see table 2,
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TasLe 5.—Lead residuc on Delicious apples in relation to spraying and washing
treatments, 15356

[Results expressod as grain por gound of frudt and pereent of residue beforo wushing]

SI’E;:E:EL“;“L' Tendd resfene nfter washing treabment *—
Date of picking -

Ttep- .
Ne. tenio A B-2 B3 B-5

Grain | Percent| Grain |Percent | Crain | Percent | Grain U Pereent
E) 19151 ifip g 2] 802 S 1 pooor
b L (HiL fit L0813 21 My i LGS

Sept 2 g | T35 oo o Wl p2 it | loi2
bo| 3| w0 e 2] e ] pie

4 For detalis of spray trentinonls, see table 17 noad B refer 10 tres replicates,
1 For delabls of wishing trenlircits, seo tabie 2,




TasLe 6.— Lead residue on Stayman Winesap apples in relation lo spraying and washing lrealments, time of picking, and delay before washing,

ety

[Results expressed as geain per pound of fruit nnd percent of residue before washing]

Spray
tréatment !
Delay before wash- -, :

ing and No, and ;

date of picking

Lead residueafter washing treatment 2—

. {l‘{vp- f ; j : —f ; D= -
No. lieate i Cc-3 C— D-2 D-3

i | ! ] ; ; :
. . . . i % Per-y . Per-i.- i Per- C P! Per- Per- |y Per- o
No delay: ; | ; Grain teent [Grain, cent "Grain. cent .Grain' cent Grain' cent Graing cent (Grain
0o b 2 fooo o R ;
1

1.(Sept. 20)

2 (Oct. 8)

1
g ey b iy

3{0ct. 18).... _.

3-duy delay at room
temperature:

200ete8)eun...

8-day delay at room
temperature:

b ) 18
a l. . 20
b |. .02 a1

SHTIAV WOV SHAAISEAN AVULS Jd0 TVAOIWNHYH

2 (Oct. 8)

8-day delay at 32° F.;

a | 10
h ). 4. 13
n E . 15 1 . 069
b . 014 171 .007

2 (Oct, 8). ooz

&
—— = Ny P gy
= >

! For details of spray treatments, sée table I; a and b refer to tree replicates, ? For details of washing treatments, see tuble 2.




TasLE 7.~ Lead residue on York Imperial apples in relation to spraying and washing trealments, time of picking, and delay before washing, 1937

cl

[Results oxpressed as graln per pound of fruit and pereent of regidue before washing]

i H

lrci{)r;‘:!}m i } Lead residue after washing treatments 2—

Delay before wash- e e I R T e
ing and No. nnd i i H

date of pleking

N I W
Rep-; ! . ! i .. |
No. | jieate : T i P

c-3 O ] D=2 L D3

. i Per-t L Per- L Per- U Per- L. Per- . Per- . Per- .
No delay: Grain Grain, cent : Gruin. cent " Grain’ ceat - Grain. cent Grain cent ' Grain. cent ; Grain} cent | Grain

1 (Sept. 29)

0.010 i 10 {0,007 0,006
008 5 .00t 2006

;028 1 20 : £ 018
2(0ct. 8).. .. . MET 2o

3.(Oct. 18)

3-day delay at room
temperature:

2 (Oet. §). L0146

012
S-day delay at reom
temperature;

020
b . 015
a. . 045
b 164 L0338

a].103 L019 18
b |.104 L0190 18
a | .142 036 25
b, 164 - 030 181 .015

2 (00t §). ..

8-day delayat320F.:

1

HUAIIAOTEDY J0 "TdHd S A ‘8gs NITITING TYIINHOAL

2{0ct. 8§) ... ..

2

P e e T e S A 0 e~ gt o S =

! For details of spray treatinents, see Lable 13 a and b refer to tree replicates.
2 For details of washing treatments, sce table 2.




REMOVAL OF SPRAY RESIDUES THOM APPLES 13

Tanwk 8.~~Lead residuc on Winesap epples in relation to spraying and washing
treatments, 1937

[Resnits exprossod ns grafn per peend of frall and fuseent of rosidue befpre washing)

!.ruﬁﬁ:::};ib f Taertl resbdoe after wishlng treatntent 2—

Datpof plekinge T-- R A ,{ C s e
Na, | Replt- A B-2 ! B-5

Grnin | Mereent | Grin f.!’crczu.f Grain { Pereent
1 { 1 [EL0)] | e i5 | G.0a7 1
Out. 8 b iy {11} [Led] LN i# KNG &
it L R { al L3 o ey s 3
- b LB 10K} Lo ] v LN | i

1 For detnfls of spruy trestients, soe inide 15 g ould b refer o Loeo pepiicntes.
1 For detnils of weshing treatmenits, seo Lable 2

Allof the data pertinent te certain phases of the investigation were
separated from these tables and treated stalistically by an analysis
of variance, and the discussion is based on the statistical significance
of Lhe differences as estimated by such analyses. 1 most cases the
comparisons were based on percentages of the residues before washing
rather than on ihe actual residues.

COMP;\ RISON OF VAMIETIES
RLESIDULES AT HARVEST

Data relative to the residues at harvest on apples of the different
varielies are presented in table 95 some additional data lor Stayman
Winesap and York Imperial at the difTerent pickings were available
but are not presented in the table. A statisticul ananlysis of all the
data for York Imperial and Stayman Winesap {or the two scasons
showed that York lmperial carried considerably more residue than
Stayman Winesap, the difference being particnlarly marked in the
1937 scason.  As the York Linperinl apples were considerably smaller,
iL scemed probable that the difference in residue was due mainly to
difference i sizne.  Ellenwood eb al. (f) concluded that size of fruit
was the principal cause of differences belwoeen varictics.
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TasLe W.—Relation of variety and weight of apples to lead residue at harvest, 1936

und 1557
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As reporied previously (5}, ib was observed that apples from repli-
cate spray plols of the same variety [requently differed greatly, but
not as much as in the previous report, and, contrary to the earlier
report, with few exeeptions when there was p differenee in the size of
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the apples the sample with the larger apples had the lower residue.
Henld et al. (8) reported a similar relafion with washed samples;
they found an average of 30.8 percent more arsenical residue on the
smaller apples of 12 duplicate samples in which the apples in the
sample with the larger apples averaged 17.6 percent larger by weight.
A deerease in residue with increased size of apples is to be cxpected,
since the larger apples would have a smaller surface area per pound.

In the present study there were 16 pairs of unwashed samples from
duphcate spray plots in which there was at least a 5-gram differcnce
hetweon the samples from the duplicate plots in the average size of
the apples. There was a significant average inerease in residue on
the samples with the smasller apples. The difference averaged
0.00484-0.0023 grain per pound for each 10-gram difference in the
average size of the apples.  As this difference would no doubt vary
with the size of the load, it might be expressed better on o percentage
basis. On this basis the average increase in rvesidue was highTy
significant and amounted to 0.8440.30 percent on the sample with
the smaller apples for each 1-percent difference in the size of the apples
in the samples.  Using this ns an adjustment factor, the residues were
compuled on the basis of the apples weighing 100 grams, which are
equivalent Lo those of about 2.5 inches in diameter. On this basis
t'h(‘la.\'erage difference between replicates was reduced, as shown in
table 9.

An analysis of variance of the adjusted values showed that York
Imperial apples had highly significantly less residue than Stayman
Wincsap apples. This finding is in agreement with the results of
Frear and Worthley (4), who found that more lead per unit of surface
arca was deposited on Stayman Winesap than on York Imperial fruit.
When corrected for size in 1936 the Delicious also had significantly
more residue than the York Imperiul apples.  Delicious and Stayman
Winesap did not differ signifieantly. The interaction of sprays with
varielies indieatod that the addition of mineral oil emulsion to the late
cover sprays increased the residuc on Delicious to a greater extent than
on the other varicties.  This is in nccord with earlier results (6, 9. 12},
in which it was noted that Delicious had heavier residues than the
other varietics treafed when mineral oil emulsion was used in the late
sprays, but not with other types of spray treatments. When adjusted
for sise, Winesap apples averaged signifieantly less residue than
Staymnn Winesap in 1837,

RESIDUES AFTER WASHING

As the residues on the different varieties differed at harvest, and as
a rather high correlation between residues at harvest and after washing
has been reported (6, p. 18}, they might be expected to differ corre-
spondingly after washing. In order to measurc the case of residue
removal from the different varicties, it sccmed deshrable to express the
results as percentages of tlic original residues.  This was done in table
10 for the two washing treatments used for all varietics during both
sonsons. These results show a highly significant difference between
York Imperial and Stayman Winesap, with: the average percent of the
original residue retained by the York Imperial apples 356 percent
areater than that retained by Stayman Winesap. The York Imperial
apples retained a significantly higher percentage of the original residue
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than Delicious did in 1936 and than Winesap did in 1937. Staymun
Winesap apples did not differ appreciably from Delicious in 1936 but
retained a ligher percentage of residuc than Winesap in 1937.

TapLe 10.—FRelation of variely to case of lead-residuc removal
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These resulis with Yorlk Imperial are in agreement with those of
Frear and Worthley () and Hough (9}, who reported that York
Imperial apples were hacder to elean than other varieties.

Reramony oF Time oF Pichise 10 REStouEs Ar Hlanvest axp Lase
oF Resinve Removar,

With delay in harvesting, the rosidue in grain per pound should
decrease both because of the inereased weight of the Mruit and because
of the possible loas of resiclue Mrom wenthering,  On the other hand, the
case of removal might decrease becruse of the development of wax
that might tend Lo cover the residue and thus protect it from the wash-
mg solution, In order to determine the extont to which the residue
decreases with delay in harvesting and the increased difliculty of re-
moval, three pickings of Stayman Winesap and York Imperial apples
were made approximately at 10-day intervals,

The results at different harvestiimes are presented in table 11.
There was no reduction in residue during the first ‘interval and only
about 12 percent reduction during the second interval. There was i
gradual but hardly signifieant inerease in the average size of the apples
used in the samples at the different pickings. In some instunces thers
was an apparent decreuse in size with time.  This would indicate that




REMOVAL OF SPRAY RESIDUES FROM APPLES 17

representative samples were not obtained at each picking, which mey
account in part for the lack of decreasce in residuc. Thet apples of
approximately the same average size showed no deerease in residue be-
tween the first and the secone picking would also indicabe that little or
no weathering oceurs, With Stayman Winesap in both years and York
Imperial in 1937, about 2 inches of rain fell between the first and second
pickings (fig. 1) and only 1 inch between the second and thivd pickings,
yebt there was a grester loss of residue during the sccond period.
With York lmperinl in 1936, L inch of rain fell between the first and
sccond pickings and 4 inches between the second and third pickings,
vei the loss of residue was nearly the same in both periods. This
would indicate that rinfall has little tendency lo wash the residue
from the appleg after it bas been on for some time.  Weber et al. (19)
observed that one heavy rain will remove by washing more residue
than an cqual amount of rainfzll coming ns several small rains. On
the other hand, Frear and Worthley (1) lound no consistently greater
loss of residue when rain fell than during periods free from ramn, and
they concluded that the weathering away of spray deposits was a
negligible factor compared with per-unit losses due to fruit growth.
Alorveover, Eenwood ol al. (7)) reported higher residues in n season of
heavy precipitation (1935) than in one of lower precipitation (1938).
The results presented herein are in aceord with those of Trear and
Worthley (4) and Ellenwood et al. ().

TavLe Vl—~Relution of time of picking 1o lead residues ot harvest
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As indicated previously, the casc of residae removal is best indicated
by the percentage of the original residue remaining after washing
treatments.  The dafa relative to the effect of picking time on residue
removal are presented on this basis in table 12, A statistical exami-



http:indicn.te

18 TECHNICAL BULLETIN 828, U. S, DEPT, OF AGRICULTURE

nation of these data showed that the varietics responded differently to
time of picking. The difliculty of vesidue removal increased with
delay in picking in the cnse of York Tmperial but not with Stayman
Winesap. There is a greater tendency for the waxy coating on Yorlk
Imperial apples te become soft and” greasy with late harvest and
during ripening than there is on Stayman” Winesap, and this may
account for the difference in the response of the two varjeties,

The use of a wetting agent in o heated washing solution (B-a)
areatly increased the residue removal but was of greater benefit with
the late-picked York Tmperial apples than with the early-pickod lots.
The use of oil in the second-brood cover sprays had no effect on the
relative ease of residue removal from early- and late-picked apples.

Tanue 2. Reletion of Hwe of pleking to case of lead-residue renromid
! f
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ReLation oF Decay BErwies Hanvesr axp WasiiNe TO KaASE oF
Resipue REmMoval,

The development of wax on the fruil proceeds after harvest and is
relatively rapid at higher temperntures, Inereased difficulty 1
residue removal has been reported with delay sfter harvest. In 1936
Stayman Winesnp apples picked on Octoler 5 and placed at 32° F,
on October 6 were washed on October 7 and 8, at which time similar
unwashed samples were placed at room temperature (about 60°) to
be washed after 2 weeks,  York Tmperial apples picked on October
15 were placed in 32° storage.  The no-delay (L harvest) washing
treatments were given afler 1 week al 322, al which time unwashed
samples were left al room tempernture and washed approximately 1
and 2 weeks later.  The results are given in the first part of table 13.
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As in table 12, the data in table 13 are presented as pereentage of
the original residuc remaining and show that a delay of approximately
2 weeks at room temperature greatly increased the difficulty of
removal. The effeed of delay was much greater on York Imperial
apples, the coating of which tends to becoma more greasy with ripen-
ing, than on Stayman Winesap. After approximately 2 weeks'
delay there was an average of 79 percent more residie on York
Imperial and 56 pereent more on Stayman Winesap than when they
were washed as soon as possible after harvest. A delay of only |
week resulted in an intermediate (42 percent} inerease in residue on
York Imperinl,  Thus, a delay of | week had about as much effoei
on York Imperinl as a delay of 2 weeks had on Stayman Winesap.
The type of spray treatment also wfluenceyi signifieantly the effect
of delay on case of residue removal, A dplay of approximately 2
woeks resulted in 89 pereent more residue after washing on apples
from spray treatment 2, i which mineral oil emulsion was added
to the late cover sprays, wherens the increase was ouly 52 pereent
wlhien mineral oil emulsion was not used (spray treatment 1), The
effeet of delay wis much less when a detorgent or wetting agent was
used, ns there was 78 percent more residue when washod with bented
neid only (B-3) after 2 weeks' delay than when washed immediately,
but only 38 pereent more residue when a heated neid wetting-ageni
wash (B3-5) wnas used.

Beeause of the great influence of delay on the 1936 results, it was
thought advisable i the 1937 cxperiments to study the eoffeet of
shorter periods of delay and to determine whethor storage al 32° 7.
could be used to prevent the adverse olfeets of holding a1 room tem-
peratures. Delays of 3 and 8 days a room temperature and 8 davs
il 32° I woere used, and the results are given in 1he lower pari of
table 13, The effeet of delay was much Ipss proneunced in 1937
than in 1936.  In 1937 the delays had no discornibie offoet when 1
heated acid wetting-ngent selution (B-5) was uvsed. Holding the
npples Tor 8 days ol 32° did not inerease the diftenlty of vesidue
removal, even when they were washed with neid alone (B-2). A
delay of 8 davs #l room (emperalure did npl increase the difficulty
of residue removal any more than a delay of 3 days at room tempera-
ture.  Delnys of 3 and § days at room temperature resulted in a
significant increase in residue over immedinte washing and delayv at
32% when washed with acid alone at room Llemperature (B-2).  This
inerease averaged 17 percent.  As in 1936, the lots sprayed with
a mixture to which minceral oil emulsion was added to the lato cover
sprays gave a somewhat greater inerense with delay (28 pererent)
when washed with the same solution. The interaclion of variety
with delay did not indieate any significant: difference i the varictal
response to delay in 1937 such s was found in 1936.

The eause of the difference in response to tdelay in the two sensons
is not apparent. 1 may be that elimatie conditions in 1937 stimu-
lated an carly development of wax, so that litile furthor wax develop-
ment occurred during the deluy periods.  The heavier residuos ot
harvest in 1937, and gencrally the greater dilliculty of cleaning as
compared with 1936, would tend to support this assumption,
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RELATION OF SEasoN 1O Srray Resipus ar Hamvest

The residues ai harvest averaged 0.032 grain per pound (42 percent)

greater in 1937 than n 1936 on comparable fots of Stayman Winesap

and York Imperinl. The total rainfall during the growing season
(May 1 until the apples were picked in October} was practically the
same for the two growing seasons (fig. 1), so that the rainfall does not,
appear Lo be associnbed with the greater weathering that apparently
ovcurred in 1938, Nor can the differenee be attributed lo differences
in Lthe size of the apples, as in 1937 they averaged as large as or larger
than in 1936.

RELATION OF SprAY TREATMENTS TO RESIDUES AT HARVEST AND Ease
or Resmur REMovaL

The addition of mineral oil to the last two of five cover sprays
(spray 2 versus spray 1) increased the average residuc at harvest for the
virous tols in 1936 and 1937 from 0.0768 to (.1135 grain per pound,
an increase of 48 percent.  This is in close agreement with the 49-
pereent inerease reported (6, p. 14) for the 1934 and 1935 seasons.

Certain additional spray treatments were applied in 1936 to Stay-
man Winesap apples. The addition of mineral ol emulsion to first-
brood cover sprays {covers 2 and 3) (spray 5 versus spray 1) resulied
in o id-pereent inerease in residue at harvest.  On the basis of such
limited evidence this difference is nol significant. When no lime
(bordeaux mixture) was used in the lust two of five cover sprays (spray
3 versus spray 1), the residue was increased 27 percent.  Again the
evidence 15 not suflicient, to demonstrate that the diflerence was
statistieally significant.

Additional spray trentments were applied in 1937 1o both Stayman
Winesap and York Imperinl.  The addition of mineral oil emulsion to
the lasl two of five cover sprays resulted i a 48-percent increase in res-
ilue when bordenux (2-4-100) was used in all cover sprays (spray
2 versus spray 1) and 102 pereent when it was nol used in the last 2
sprays (spray 4 versus spray 3).  Omitting the bordeaux (spray 3
versus spray 1) did not increase the residue at harvest when oil
enmtulsion was not used in 1037, but the results for Stayman Winesap
only in 1936 indieaied n 27-percent inerease.  When mineral oil
emulsion was used in the last two cover sprays the owmission of the
bordeaux (spray 4 versus speay 2) resulted in o 33-percent increase in
resicdlue. I'his is in general agreement witlh the results for 1035 (67,
when the residue was 54 pereent higher with bordeaux omitted from
the Inst four of seven cover spruys of lead arsenate with oil emulsion
in the last four covers.

The ease of residue removal as shown by the percentage of the
originul residue remaining after washing may also be influenced by
the Lypes of spray and of wnshm" treatments. Although the addition
of mincral oil emulsion to late cover sprays increased the lead residucs
ab harvest, the percentage of the original residue removed was also
greater, particularly with the more effeetive washing treatment
(B 5) and with the ‘Stayman Winesap variety. Thus, with the more
elfeelive washing treatments the vesulue in grain per pound on oil-
=;pl| nyed lots was as low as or lower than on compzlmble lots without
3]
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On the other hand, when no oil was used the omission of bordeaux
(lime) (spray 3) from the late cover sprays did not significantly increase
the lead residues at harvest, but as a lower porcentage of the original
residue was removed, the residues on such lots wore appreciably higher
after washing than they were on comparable lots (spray 1) in whieh
bordeaux was used throughout. The emission of bordeaux from late
cover sprays of lead arsenate and oil (spray 4) not only inereased the
residues at harvest but also reduced the pereentage removal when
washed, particularly on the York Imperial apples, so that residues after
washing were much higher with this Lype of sprax (reatment than they
were with any of the others. This type of spray treatmient is more
common in the Pacifie Northwest. The higher residues with the same
number of sprays in the Pacitic Northwest and the greator difficulty
in removal compared with the central and eastern regions have been
attributed to greater weathering beeause of rainfall in the eentral and
eastern regions.  These results indiente that the differences may be due
rather to the difference in the type of spray program generally used in
the different regions, sinee rainfall apparently has very little wenthering
effeet, whereas type of spray treatment may have a great offect.

Revarioxy or Wasiine TrearvesTts 1o Lean-Resinvr Rewovar
INFLUENCE OF ACID CONCENTRATION

Lots from the different spray treatments on Stayman Winesap in
1936 were washed with 0.5 percent FIC1 at room temperature in a
lotation machine (fie, 2 and teble 3, washing treatment B-1).
After this relatively simple washing treatment an average of 27.2
pereent of the original residlue remained.  The washing treatment
reduced the residue on the apples from all of the spray treatments to
appreciably below the present lead tolerance of .05 of 4 grain per pound
of fruit. This pereentage of residue reminining is in fairly close agree-
menf with the average of 31.5 pereent abtained in 1934 but considerably
lower than the 40 pereent average reported for 1935 (6, 2. 29).

When the appies were washed with 1.5 percent acid (B-2) instead of
0.5 pereent acid (B-1} there was 28.2 percent less residue remaining
than when they were washed with the wealker solution.  Similar
benefits of 37.5 and 30.5 were reported (6, p. 293 for the 1934 and 1935
scasons, respectively.

[NFLUENCE OF TEMPERATURE OF WASHING SOLUTION

Yurious lols of apples were washed with 1.5 poreent HCD with the
washing solulion at room temperature (80° (o 70° F.) and at 100°, in
a fotation washer for 60 seconds {Lreatments B-2 and B-3), in a flood
washer for 35 seconds {(treatments C-1 and C-2), in 2 Hood-brush
washer for 35 seconds (Lreatments D1 and D-2), and with an acid
wetting-ngent solution in a flotation machine for 60 seconds (treat-
ments B4 and B-5), 1n 34 comparisons with acid alene in & {lotation
machine there was an average of 23.4 percent of the original residue
remating after washing ot room temperature (B-2) and 20 pereent
after washing at 100° (B-3). Thus the percentage residue was 14.5
pereent lower when the apples were washed with the heated solution.
The benefit from heating was considerably greater with an acid wet-
ting-agent solution in o flotation machine {B~4 versus B-5) then with

L . f . . + o
acid nlone. This comparison was possible only with Stayman Winesap
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in 1936, when the benefit from healing the acid welling-agent solution
(Bt versus B-5) nveraged 22.6 pereent, as compared with only 12.3
pereent for comparnble fots with acid alene (B-2 versus B-3). "These
results are in agreement with those for the two previous scasons (6,
p. 21), in which an average benefit of 26.3 percent was found from
{\mting acid wetling-agent solutions compared with a henefit of 12.8
percent from beating an acid solution.

With 18 and 20 comparizons there was an average benefit from
henting an acid solution of 21.3 percent in a {lood washer (C-1 versus
2 and 22.6 pereent in a flood-brush machine (D=1 versus D-2).
The benefit from heating an acid solution was apparently greater in
flood or lood-hrush machines than in flotation machines, in which the
Denclit rom heating was only 14.5 pereent,but the lois were not entively
comparable with (hose used in the flood and llood-brush machines.

COMPARISON OF TYPES OF WASHING MACNINES

For mosl of the washing {reatments 2 flotation-type machine was
used, hut certain lols were given various washing treatments in lood
and Mood-brush machines. Some of these treatments were similar 1o
those used in the Notation-type washer exeept that the time of exposure
(o 1he washing solution was shorter thaun in the (lotation machine.

In 1936 the percentage of the residucs remaining averaged 22 per-
cent lower with Stiyman Winesap and 17 percent lower with York
Lperial when washed ina flood (=1 and C-2) instead of ina flotation
machine (3-2 and B-3).  1n 1937 this dillerence (B-2 versus C--1)
averaged about 43 and 32 pereent for Stayman Winesap and York
lmperial, vespectively.  'The most effective washing {reatment for o
flotation machine ¢onsisted of o heated acid welting-agent solution
(B-5). and the most effective and practical Greatment in fload-type
machines consisted of a heated acid solution to which a very Light
mineral oil (viscosily about 50 Saybolt seconds) was added (C—4 and
1 43, [ is of interest, therefore, to compare these treatments in the
muchines to which they are adapled. Lo 1036 the heated acid-oil
combinntion in a floed-brush machine (ID-4) was considerahly more
offective than the heated acid wetting-ngent combination (B-3) in a
flotation machine (lig. 2. lowever, in 1937 there was no signilieant
difterence hetween the acid-oil combination in a food (C—4) or flood-
brush (1) 4) machine and the acid wetting-agent solution (B-3) in
the flotation machine (fig, 3).

Stayman Winesap apples in 1936 averaged 13 pereent less residuc
when washed in o flood-hrush instead of in a flood machine.  However,
there was no significant dilferenee between the machines in 1937,
when both Stavman Winesap 2od Yorle Imperial apples were used.

The results are i general agreement with those of Tough (10}, who
stated thal there was no practical difference in officiency of the three
types of washers when washing fruit that carried residues not especinlly
dillieult to remove. hut that the flood-brush machine was more effee-
tive for lead-oil-sprayed apples. '

EFFECT OF ADDITION OF WETTING AGENT TO ACID WASHING SOLUTION

Stayman Winesap upples in 1936 were washed with the acid solution
nt room tempornture and ab 100° . hoth with (B-4 and B-5) and
withoul (B 2 and B-8) the addition of 1 percent of o wetting agent
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(Vatsol). The results in table 3 and figure 2 show that when the
wetting agent was used the percentage of residue after wasliing aver-
aged 30.5 percent lower than when no wetting agent was used.  As
reported previously (6, 7. 28), the addition of the wetting agont to the
acid solution increased its offectiveness for all types of spray treatments
used and at ull temperatures of the wash solution. However, in
agreement with the carlier resulls (6, . 28), the wetling agent was
more effective in heated solutions (B-5 versus B--3) than in cold
solutions (B—4 versus B-2) and with oil-sprayed than with non-oil-
sprayed lots, and was less cffective with lots in which the bordenux
(Em(‘) was omitted from the late cover sprays. These resulls are in
general agreement with those of Schrader and Haller (/7) in which
additional wetting agents wore used.

With York Impesial and Delicious apples the webting agent was
used only in hented acid solutions in 1936, The rosidoe pereentages
remaining after washing were 39 and 41 percent lower on York Im-
perial and Delicious, respoectively, when the acid wetbling-ngent sofu-
tion (B-5) was wsed than when acid alone (B-3) was used. The
response (o the welting agent was much grester when the apples
were from oilsprayed lots than from non-oil-sprayed lots. With
York Imperint washed at harvest the avernge bonefit was 25 pereent
with non-oil-sprayed lots, whereas it was 31 percent with oil-sprayed
lols. The respouse was also greater when the apples were ripened
before washing (54 percent benefit) than when they were washed
immedintely alter hacvest (41 percont benefit),

When only 0.25 percent of a weiling agent was added to u flood-
Lype washer (treatment C-3) or Lo a flood-brush machine {treatment
D-3) it caused considernble fonming that was difficult to control
with D¢ Gras nutifonming agent.  This acid wetting agent combined
with e antifeaming agent was no more offective than ncid alone (C-2
and D-2) when used i a heated solution with Stayman Wincsap
and York bmperiat apples in 1937 (iables 6 and 7).

During the 1937 season the woetling sgent was used in the flola-
tion-type machine only in heated acid solution (B-3), und acid alenc
was used only at room temperature (13-2). The average benefit
from both heating the solution and adding the wotling agent (B-a
versus B-2) avernged 53 percent for all lots in 1937 and 52 percent
for those in 1936, These results are in good agreement with the 51
und 43 pereent reported (G, p. 24) for the 1935 and 1934 SCNS0NS,
respeetively. The agreement is particularly good, since the spraying
and certaiin other treatments, such as delay before washing, differed
considerably in the different seasons, and these factors have been
shown to influence the response to wetling agenls.

LFFECT OF ADDITION OF MINERAL 1L TO ACID WASHING SOLUTION

The addition of a very light mineral oil has been found Lo increase
the effectiveness of heated acid washing solutions in lood-type
washers on apples grown in the Pacific Northwest (78). This treat-
menl {C-4 and 1 -4) was used in flood or flood-brush machines with
certain of these lots of apples {figs. 2 and 3 and tables 3, 4, 6, and 7).
The results with mineral oil have nol been consistent. In 1036
Stayman Winesap npples (table 8) carvied 32 percent loss residue
when oil wus added to the neid solution (D-4) than when the acid
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was used alone (D-2) in a flood-brush machine, Limifed results
with York Imperial in 1936 (table 4) indicated an average benefit
of 39 percent, which, however, occurred only in the oil-sprayed lot.
On the other hand, in 1937, thé use of oil in the washing solution did
not significantly influence residuc removal from cither Stayman
Winesap or York Imperial apples when washed in cither a flood or
n flood-brush machine. Resulis for 1935 indicated a benefit from
oil in the washing solution only when the apples were sprayed with
oil emulsion (6, p. 24).

Revatiox oF Wasuing TaEatTMENTS To KEEPING QUALITY OF APPLES

The York Imperial variety is rather subject to cracking or checking
of the skin of the fruit while still on the tree. This growth checking
is very similar to heat injury from hented washing solutions, except
that when it does nol occur too near o harvest the growth cracks
may be healed over. In the 1936 season considerable injury of this
kind oceurred near harvest on York Imperial apples grown near
Hancock, Md. A study was made with these apples to determine
whether the checking was increased by washing and whether washing
increased decay or shriveling in apples with growth checks.

A lot of upples wis sorted into three classes according to degree of
checking, and snmples of each class were washed as indicated in table 14.
As was to be expected, the loss in weight during storage and the extent
of shriveling incressed with incrensed severity of checking. The
amount of decay was also much greater in apples with severe cheels-
ing, bui there wns no cousistent difference between apples with slight
to medium checking and those with no ehecking. The washing
treatments had ne apparent effect on the severity of shriveling or the
amount of decay in these lots, and it did not significantly affect the
firmness of the apples,

TanLg 14~ Relation of washing with aeid and with sedivm silicate fo the shriveling
ant keeping quality of York Imperial apples stored at 82° ¥, from Oet. 24, 1936,
to May 27, 1937
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Data on the effect of temperature of the washing solution on heat
injury and keeping quality of York Imperial apples are presented in
table 15. It has been reporied (13} that sodium silicate solutions can
be used at higher temperatures than acid solutions without injury to
the fruit; consequently the temperatures of the sodiwmn silicate solu-
tion used extend somewhat higher than those of the acid webting-agent
solution. At the inspection of the apples on February 5 the results
did not show any marked diflerence between the two types of solu-
tions in the extent of injury (checking or checking and shriveling) at
the same temperatures {110° and 115°F.). Even al the lowest tem-
pernture used (100° for 30 seconds) there was apparently an incresse
i the amount of skin checking as compared with the unwashed lot.
With the acid webting-ngent solution there was n gradual incrense in
the amount of checking with increased temperature. On the other
hand, when the apples were washed with sodium silicate solution
there was no apparentinerease in checking with increased temperature
except ab the highest temperature (125%). These York Imperial
apples after being held at 32° until May 27, considerably beyond their
main marketing period, were then post-1ipened for 1 week at 70°
Severe decay developed in all lots, but it was not consistently areater
in washed than in unwashed lots. Nor was thiere any consistent rela-
tion botween the temperature or type of the washing solutions and the
pereentage of the apples with decay and seald.  Although the washed
lots were all less firm (s indicated by pressure test) thon the un-
washed lots, the diflerences arce of questionable significance and of no
practical value, as all lots were sufficiently firm for marketing purposes.

Yanug 15—Reintion of washing soluiions and lemperatures to keeping gqualily of
York fmperial apples stored al 32° F. from Oct. 37, 1936, to Feb. 5, 1937, and
May 27, 1837, and post-ripened al 70° until June 5, 1987
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Additional studies on the relation of washing treatments to keeping
guality of York Imperial and Stayman Winesap apples were made in
1937, and the results are presented iy tables 16 and 17. The York
Imperial apples (table 16) were held beyond their main marketing
senson but showed very little decay when removed from 32° 1. storage.
However, the decay developed rapidiy at room temperature, so that
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about 57 to 87 percent of the fruit was decayed after 2 weeks of post-
ripening. There was no consistent relationship between the smount
of decay in washed and unwashed lots or between lots washed at the
different tomperatures. In the flood-brush machine thera was some
indication that storage scald increased with the temperature of the
ascid washing solution but decreased with the temperature of the
acid-oil combination. The percentage of scald was also high when the
apples were washed with an acid solution only, at room temperature,
in the flotation machine. The loss of weight in these apples during
storage and post-ripening (table 16} was not large and apparenbly did
not differ consistently with the various washing treatments. The loss
tn unwashed fruit averaged slightly less than in the washed lots, and
the loss was somewhat greater in the lots washed with acid and oil
than in those washed with acid nlone. These differences might have
been accentuated had the fruit been stored under conditions more
favorable for moisture loss. Under such conditions Marshall et al.
(12} found that the addition of mineral oil to & hydrochloric acid waslh-
ing solution resulted in a substential increase in moisture loss. T he
ripeness of the apples as indicated by pressure test did not differ
signifieantly among Lhese lots.

Results with similar washing treatments on Stayman Winesap
apples are shown i table 17. The various washing treatments did
not have any apparenf influence on the development of decay or the
loss in weight of these apples.  Nor was there any consistent difference
in scald development except possibly a reduction in scald when the
apples were washed with heated solutions at the higher temperatures
used, particularly when oil was added to the acid solution. This
relationship was indicated by the York Imperial apples also. The
washing treatments had no effcet on the ripeness of the apples as
indicated by pressure test.

DISCUSSION

At the time these investigations were conducted the regulatory
tolerances lor lead and arsentons oxide (AsQ;) were 0.018 and 0.010
of a grain per pound of fruit. Thus the ratio of lead to arsenious
oxide in the tolerances (1.8) was lower than the ratio in the lead
arsenate spray materint {2.1). It was assumed that this ratio in the
spray residuc deposit remamed the same as in the original spray
materinl, both at harvest and after washing with hydrochloric acid
or sodium silicate solutions, I this were so, then any washing treat-
ment that effectively removed the lead to below its tolerance would
also bo cifective for the arsenic. For this reason lead only was de-
termined m these cxperiments, sinee it seemed more important and
could be determined more aceurately. More recently (fugust 1940}
the Tederal lead tolerance was raised to 0.050 of & grain per pound
and the arsenie toleranee to 0.025 of a grain of As,O; per pound of
apples or pears, so that the ratio of lead to arsenic in the tolerance
was slightly less than this ratio in the spray material. (See discussion
of ratio of lead to arsenic on pp. 2 to 4.)

Varietal differences in the retention of residue have been reported.
These have been based generally on the apples representing the
average size for the vacvieties. Practically the swmallest size packed
mus{ meed the tolerance, and regulatory samples usually consist of
the smallest size apples,  On this basis the size of apples in the samples




TABLE 16.~—Relation of washing treatments to keeping quality of York I'mperial apples stored at 32° F. from Oct. 29, 1937, to Apr. 15, 1938,
and then post-ripened at T0° until Apr. 29, 1938
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‘PauLe 17— Relation of washing reatments lo keeping qualily of Stayman Winesap
apples stered ab 32° F. from Oct. 10, 1937, to Jan. &, 1938, and then post-ripened
al 70° until Jun. 10, 1938
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from dillerent varictics probably would not vary greatly, even though
the average size would. In comparing varietics, therefore, it would
scem dosirnble to base the comparison on apples of the same size.
On this busis, apples of the York Imperial variety retained less residue
at harvest than did Stayman Winesap and Delicious, whereas on the
basis of the average size the York Imperial apples retained more
residue,

The results emphasize the interrelation of a number of factors,
such as varicty, season, spray treatments, maturity and ripeness of
the fruit, and type of washing treatment in the removal of [ead sprey
rosiducs.  For example, varicties may respond differently to spray
treatments; the use of mineral oil emulsion in the cover sprays
incroased the residue on Delicious to n greater extent than on certain
other varioties. Furthermore, the effectivencss of a washing treal-
menl may vary with the condition of the fruit and the type of spray
treatment applied. The addition of a wetling agent to an aeid
washing solulion, for example, increased the cffectiveness of the
solution to a greater extent with riper fruit and with [ruit that was
sprayed with oil emulsion than with unripe fruit or fruit not
sprayed with oil emulsion.

SUMMARY AND CONCLUSIONS

Several varieties of apples were given different spray ireatments
during two scasons. Pickings were made at diffevent times, and
different washing treatments were given all lots. Lead determina-
tions were made on washed and unwashed samples. Certain lots
were held in storage after the various washing treatments, to deter-
mine the cffeet of the treatments on storage quality.

The variation in lead residues smong tree replications was less
than reported previously (5) and was due largely to differences in the
size of the apples. For each l-percent increase in weight per apple
there was an average decrcase in residue of about 0.8 percent, both
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before and after washing, on replicate lots.  York Tmperial apples
avernged much smaller than Staymnan Wincsap apples, and beeause
of their small size they gave higher residue values at harvess,  With
apples of equal size there were lower residue values on York Imperin
than on Stayman Winesap and Delicious and lower on Winesap than
ou Stayman Winesap.

After washing, York Imperial apples retained a greater pereentage
of the origina) residue than Stayman Winesap, Dolicious, or Winesap,
and Stayman Winesap retained somewhat more than Winesap.

Growth of the apples and weathering apparently had very little
effeet on the reduction of residue during the harvest period.  Some
evidence is presented that indieates that rainfall has little tend-
eney to wash the residue from the apples, particularly during the
harvest periodl.

"The pereentage of the residue removed by washing was not allected
by debay in the harvesting of Stayman Winesap upples hut was
reduced by delay in the harvesting of York Tmperial apples,

The genera] effect. of delay between harvest s washing was to
nerease the difliculty of residue removal but varied with season,
variety. spruy treatment, washing freatment, temperature at which
the apples were hield during the delay period, and lengtls of the ctelay
period,  The waxy conting on York Emperial apples tends to becomo
greasy during ripening, and the offeet of delay (ripening) on residue
removal was greater in York Emperial (han in Stayman Winesap
apples.  The ditticulty of residue removn] was increased more by
delaxy when the apples were spraved with mineral oif emulsion in the
late cover sprays than when no il emulsion was used, possibly be-
cause of a stimulating offeet of oil spravs on wax tevelopment during
ripening.  The effect of delny was less when a webling agent or deter-
gent that would tend to remove some of {he wWaxy confing was used
in the washing solution, A delay of 1 woeek at 329 F, did not inerease
the difticuity of residue removal.

The addition of mineral oil emulsion to the steond-brood rover
sprays of lead arsenute aned bordenux mixture inereased the residue
at harvest nearly 50 pereent., However, the pereentage of the original
resicue removed by the washing treatments was ereater m the lots
sprayed with mineral oif emulsion, so that with the more offective
washing trentments (headed acid wetting-agent solutions) the residue
remaining on oil-sprayed lols alter washing was ns low as or lower
than that on non-oil-sprayed lots,

The addition of mineral oil emulsion Lo first-hrood cover sprays did
not significantly increase the residue ab harvest or ifs retoval.

The omission of bordeaux mixture (2-4-100) from the seeond-
brood cover sprays of lead arsenate did not significantly increase the
residuc at harvest but did inerease the difliculty of residue removal,
so that a considerably heavier residue remained aftor washing, The
omission of bordeaux mixture from second-hrood sprays of lead arsen-
ate and inineral oil emulsion greatly inereased the load residuc ag
harvest and reduced the percentage of residuc removed by washi ng,
so that the residues after washing were much higler with this type
of spray treatment than when mineral oil emulsion was used with
bordeaux er when bordeaux was used without oil emulsion,

Sixty different lots of apples representing cifferont varietios and
spray treatments have been washed with 0.5 pereent HC! in & flota-
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tion machine with an exposure of 1 minute to the acid at room tenm-
perature. The mean perceniage of the original residue remuninir £
during three seasons (1934, 1935, and 1936) was 33.64 1.2 (standard
error).

Inecreasing the acid concentration to 1.5 percent resulied in an
average benefit or additional removal of about 32 percent of the
residue present after washing with the weaker concentration, leaving
a resiluc of about 23 pereent of the original residuc {unwashed).

Heating the 1.3 percent acid selution to 100° F. resulted in nearly
15 percent greater effectiveness and left & residue of about 20 percent
of the origingl residue. A much greater henefit from heating wus
obtained with a solution of acid and wetting agent than with acid
alone.

Heating sn aeid solution to 100° F. in a flood or flood-brush
machine resulted in a considerably greater benefit than in o flotatien
machine.

With the same scid concentration a flood machine with an exposure
of 35 scconds was considerably more effective Lhan n flotation ma-
chine with an exposure of G0 seconds. Wilth the most cffective
washing Lreatment for each type of machine there were no very large
or consistent ditferences in the effectiveness of the different types of
machines.  Nor was there any large or consistent difference belween
flood and flood-brush machines,

In a flotation machine the addition of 1 percent of 4 wetiing agent
to the acid solution greatly increased the effectiveness of the wash
for all tvpes of spray treatments and for all varietics of apples.

The wetting sgeal was more cffective in heated solutions than in
cold solutions, with oil-spraved than with non-oil-spraved lots. and
with bordeaux-sprayed than with non-bordeaux-spraved lots.

In a flood-type machine the addition of a welling agent, at the
conceniration possible and with an antifoam agent, did not increase
the effectivencess of the washing treatment.

The addition of a light mineral oil to heated acid solutions in
Aood-type machines has generslly increased the removal of lead from
the apples when oil emulsion was used in the cover spray but has not
been consistently cffeetive when oil emulsion was not used in the
SPIrays.

Washing treatinents using heated solutions did not increase Lhe
amount of spoilage in York Imperial and Staymaa Winesap apples
during storage.  Also, such washing treatments did not affect the
firmness of the fruit or appreciably merense the wilting.
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