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INTHODUCTI0N 

• 
Studies 011 n,H' removnl of spmy rcsidues luJ,YC been carricd OIl with 

nppl{'s g"r-own )n th{' Shrllancioab-Cumbel'ln.nci Valley during the four 
seasons 1934 tb 19~)7, inclusive. The l'eslllts for the first two sensons 
hn.ve been pr{'~nt.ed ina previous publication (6),2 and the results Jor 
t.be- lust two ~etl30nS are presentcd herein. The purpo:,{'s of these 
~estigll,tions "'ere to detf'rmine the effect of certn.in modifLcations of 
6he spmy progtnm on residue removal and the reln,tive effectiveness of 
various washiijg treatments in rnmoving the residue as influenced by 
spray t-reatme4t, maturity or ripeness of the fruit, and other factors. 

At the tim~ these investigations were conducted the regulatory 
tol~mnces for spray residues were 0.0] 8 grain of lead and 0.010 grain 
oI arsenious oxide (AS20 3) per pound of fruit. Since then the tolern.nces 
have been raised to 0.050 grain of lead and 0.025 grain of As20 a per 
pound. The new standards will make it possible for some additional 

I !,;uhruittcd ror pnhllr.ntlon NO\"'rnlwr 25. 11).11. 
'Italic numbers 11I1'\Ir~nthcs"s rerer to Llt~'mturc Cited, p. 31. 

·1;:;:1:18:)' .-~:!- -,-1 1 
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growers to avoid washing entirely and for others to usc less St'vere 
washing treatments. In the investigations reported herein, evon 
when only five cover sprays were used the lead residues were in excess • 
of the present lead tolerance, showing that cleaning would be ncc('ssary 
even with. fairly simple spray programs. Consequently, the change 
in the tolerances h.as not materially affected the value of the results. 
As indicated previously (6), it is not possible to fot·mulate precise 
directions for washing apples after a given spray practice to mC'et any 
particular residue tolerltnce, becltuse of the great variability in tho 
spray-r('sidue load resulting from many uncontrollable factors, such 
as growth conditions of the tr.ees and thoroughness and timQ of spray 
applications. For this reason the results have been pr('sented and 
discussed largely from the standpoint of thn reln,tivl' (,fl·eets of tIw 
various keatnwnts Il,nd not of meeting any particular residu(' toIN·n,ncl's. 
'1'i1(' ci<·tprminll.tjoll of these fundamentn.l principles forms fl, bnsis by 
which spmy-residuc problems of the individual growers may be solved. 

UEVIEW Olr LITERATUUE 

Since this ,>;'\)1.1\: was started there have been reported a numIH'J" of 
exp('J"iments in which both the lead and the nrsenic determinn.tions 1I:w(' • 
b('('n pl'('sen t('(1 and the mtios of lead (Pb) to arsenious oxide (As20 3) 

have beol1 or may bn compu ted. For the lend arsenate sprn.y mn,terial 
(PbHAs04) this rn,tio is 2,09 (2). 

Hartzell and ·Wilcoxon (7) determined the lead and the arsenic on 
itpples at 11l),l'vt'st. The ratios on 20 duplicate samples (4 apples only 
prr sample) ranged f!"Om about 3 to about 30 and averaged 9.1. '1'11('so 
investigators concluded thll,t the arsenic weathered Dff more mpidly 
than the 1ead. However, the great variability in the raLios between 
th(' cluplicll,te samples would indicate large sampling Dr analytical 
errors. 

Robinson and Hatch (16) determined the solubility of til(' lead il,ild 

tIll.' nrsenic of lead nrsenate in hydrochloric acid, sodium silicate, and 
oth('1' solu tions. In the acid the lead and the n,1'son ic were dissD1ved 
in the same proportion in which they existed in the lead arsenl1,tr, 
whereas in sodium silicn,te the lead was slightly more soluble than. the 
arsenic. Howcyer, in the spmy residues after washing with hydro
chloric acid solutions they found the rn.tio of remaining lead to rpmain-· • 
ing arspnic to be higher than the ratio in the sprny material when 
wa:o..'}'" 01" oily apples wpre Ilsed btl t not when nonwa:o..-y applt's were used. 

Ov('riey et aL (13) reported lead and arsenic determinations on 
apples after various spmy and wnshing treatments, They stated that 
"the rn.tio of lead to arsenic, which exists in lead arsenate itself, is not 
mnintain('(L in washed fruit." They obtained ratios of lend to arse
nious oxide ranging from npproximntely ] to more than 10. The rn.tiDs 
did not vary consistently with any spraying or washing trentment, 
and in some instances the ratios of duplicnte lots differed greatly. 
This would indicate that the variations were probably due largely to 
onalyticltl or snmpling erro.rs . 

.McLean and Weber (11), using various spray treatments and varie
ties, obtl1incd ratios at harvest of 2.3 to 3.6 (average 3), and, after 
washing the fruit with hydrochloric acid (HCI) solutions at room 
tcmperatm·cs, ratios that ranged from 3.1 to 6.3 (average 4.1). 

• 
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REMOVAL OF SPRAY RESIDUES FROM APPLES 

Pcntzer (15), with sevcrol varieties and spray treatments, obtained 
average ratios for the residues at hnl'vest esscuLinlly the same as that 
for the spray mntcl'ial. The 1'I1tios nfter washing with HCI solutions 
were somewhat higher (about 2.5) but probnbly not significoutly 
different from that for the original spray material. Residues after 
washing were frequently very low, so that a slight error in the dett'T
mination of either the lead or the arsenic would result in a lnrge error 
in the ro,tio. 

Analyses given by Hough (10) for York Imperial, Ben Davis, and 
Gallo with various lead arsenate spray treatments indicated 1'I1tios at 
ItIHTt'St of 1.6 to 2.1 (average 1.9). A.fter washing \\"ith various 
hydrochloric acid solutions and some sodium silicate solutions, Lhe 
ratios avcl'f1gt'd tho same as at harvest with somewhat greater varia
tion, but with 110 consistent reln,tion to the spraying or the washing 
treatments. 

,Yeber et a!. (19) pn'sented datn indicnting that the 1'ntios at harvcst 
for various sp1'l1y trcatmen ts rangcd from 4.5 to 6.6 (average 5.6). 
After wnshing with a hydrochloric. acid solution the ratios ranged 
from 3 to 5 (avernge 4). 'rhey conduded that the arsenic weathered 
from the frui.t to 11 greater extent than did the lend. On the other 
lUllHi, the results indieu.ted tho,t 11 somewhat greater proportion of 
lead wos rellloved during wnshing. 

'Working wi tit Yol'I~ Impet'iltl and Stayman 'Vinesap apples in 
Pennsylvallia, ·Fn~n.I· and 'Vorthley (4) obtained ratios of 3.56 wlH'n 
no sti('ker \\'I1S uSNi and 2.17 and 2.24 when skim-milk powder and 
fish oil werc lIsed, respectively. They sLltted that the ratio WitS 
grent('st wlwn no modifyillg ngent was used. On the other hand, in 
silll ilnl' sprn.y tren.tn)('n ts rcpOI·ted in an eadier publication (3), they 
oblnined ('orresponding mtios of 3.1, 2.9, and 3.9, indicating that the 
ratio wns gl'eater when fish oil WitS used thall when no modifying agent 
WIIS used. 

Ellenwood et 01. (1) reported aun1yses of apples from four spray 
Irell,tmel1ts in which lend arsenate wns used. The average rntio of 
lend to n.l'sNlious oxide 011 apples from these sprnys was 2.55 at 
harvest (b(.fore washing) and 1.61 uJter washing with 1 percent acicL 
'1'heir rcsults illciienJ(' It somewhat grel1ter removal of lead than of 
arsenic during wnshillg. 

Fnhey nncl Rusk (2) detennined the rn.tio of lend to arsenious oxide 
on apples and lC'o,Yl'S from vnrious spray plots. Annlyses were made 
immediately after eneh ('over-sprlly iLpplication and after the residues 
hn.d weathered during a senson of very heavy minfall (avernge of 
0.17 inch pC'r dlty) n,nd olle of very light l'ainfnll (avel'l:Lge of 0.08 illch 
per dIlY). The Itvl'rnge mtio for 248 samples did not differ signifi
{'o,nt~y from tbltt for tile originn,l spray material. They considered 
that the high ratios obtained by early investigators probably were 
due to inndequace sn,mples or to unrelin,ble methods of nnalysis. 

Pearce nnd A vens (14) found that the ratio of lead to arsenic was 
SQ!<,',d1I1t higher thl1n the theoretical (2.2 to 3) at harvest and that it 
Wi,S slightly higher artel' washing than before (2.4 and 2.5 after as 
compared with 2.2 before). The ratio was less with oil in the sprays 
thun without. 

Cassil and fiJoulton 3 def',ermined t.he arsenic os well as the lead on 
certaiu lots 0] York Imperial Itpples used in these investigations and 

I OASSIL. 0, C., and "fOUl.TO!>, 0.11. el1publfshcd dutll for Juuuary 1037. 
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obtained froll' spray plots 1 and 2 (table 1) in 1936. At harvest an 
average Pb/As20 3 ratio of 2.2 with a standard deviation of 0.25 was 
obtained. Apples from these spray plots were washed with an acid 
solution !lIone at room temperature and with an acid wetting-agent 
solution a,t 100° F. For 24 determinations the meitn ratio after 
wfishing was 2.4 with a standard deviation of 0.3. 'l'lH're weL·e no 
consistent difl"crcnccs due to spruying or washing trcatnl('uls. These 
results indicate ratios slightly higher than in the original spnW 
mnterial, particularly after wB,shing, but the vuri!thility wus such thn,t 
tll(\ dLfI'erence was not statistically significant or great enough to be of 
much pntcticnl importunce. 

From this review of the literature there appeHrs to b(' eonsiderubh\ 
disugl"N'ment RS to thc ratios of lend to arsenious oxide that obtuin ut 
hnrycst nnd after wllshing. However, ratios that do not ciifl'er greatly 
from thnt in the lead nrsennte spray material werc found by a mnjority 
of tll(\ inn'stigators (1, 2, 10, 14.,t5, 16) 4. Some, as Frear and 
Worth10y (S, 4.) and Overley et 0.1. (lS), in most instRnces obtained 
ratios upproximating the t,h('oreticnl but in other instanc('s obtained 
ratios tihu,t were distinctly div('I·gent. The variations were not con
sistent; with any particulnr type of spraying or washing tr('utments. 
0111y in the ense of Hnrtzt'll nnd 'Wilcoxon (7) nnd 'McLean and ,Yeber 
(11) wC'rC' thc rutios 1"athC'r consistently at yariance with the. theo
r('tienl. It is difficult to unclC'1"stn.nd why these investigators should 
hl1Y(' ohtuilwd such high ratios when other investigators using similar 
types of spraying and wnshillg treu.tments do not obtain them. In 
gC'lH'rnl,tlH' l"(\sults sC'em to indicate thnt, with the present (1940-41) 
toleI"l1l1(,(,s (0.050 nnd 0.025 grain per pound, respectively, for leRel and 
llI·sl'nious o,,"ide) , apples sprayed with leud ars('nate would eu,rry lead 
and n.l"s(\l1ic residues approximately in thl\ snme proportion ns th(' 
tolcrnncl\s, so tlmt wushing treu,tments that are p(fpctive for lend would 
bc nbout equally so for nrsenic. For this renson leud only WitS d0
tprminpd ill the investigations herein reported. ThC' consequent 
slLving" in time permitted more extcnsivC' l'C'moyal investigations than 
w'olIld han~ been possibl(' if both lend nod uTsC'nie hnd been determined. 

MATEHIAL AND METHODS 

The. apples for thesc investigntions were obtn.ined from sp1"ay plots in 
an orc.hard nell1" 11artinsbul"g, ",Y. Va. Stnymnn ",Yincsa.p, York 
Imperial, and Delicious were. used in 1936, und Staymlm Winesnp, 
York Imperial, and Winesap in 1937. 

The spru,y t.reatments Rre outlined in table 1. Thesl\ consist of 5 
and 7 cover sprays of leRd arsenate with und ,,"ithout bordenux mixture 
and with und without mineml oil emulsion in the second-brood co\'er 
sprnys, and in one instance (treatment 5) with minernl (lil emulsion in 
the second and third cover sprays. En.ch spray trentment was repli
cated on 2 plots of 1 or more (usually 2) trees per plot. 

The cumulntive. rainfRll for the growing seasons is shown in figure 1. 
The apples were, harvested during the. commercinl harvest season, und 
in some instances an early and a jate picking were u1so made. 

The washing treatments outlined in tuble 2 "lcre used. Certain of 
these woshing trentmcnts were used in both sensons and with ulllots 

• See footnote 3. 
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5 REMOVAL OF SPRAY RESIDUES FRO.M APPLES 

• of apples. Others were limited in their application to certain lots and 
seasons, as indicated in the tltbulation of results (sec tltbles 3 to 8). 

The f'nmples for chemical aultlysis consisted of duplicate lots of 30 

24 .------,-----,-----··r··----,-----,------, 


1936 

1937 _ 


NORMAL ----

• 


• 
FIGURE 1.··('IIIlJIIlath'c rainfall during the growing seasons of 1936 and 1937 at 

United HtntcR Weather Bureau stations nearest to expel'imental plots, Num
bers I Lo 7 on L'UI'\'CS indicate cover-spray applicntions, 81, 8 2, and S3 nnd 1"1> 
V2, ancl }'a reprel'(,II(, firRt, second, nncl third picking of Stayman Winesap and 
York Imperial apples, rel'peetivcly. 

ILppI('s from t/tr I'rplicl1,te spmy plots.. Lt'11d only wns (!rtrnnined by 
til!' llillSh-dit:hizOI1{'-dc'ctl'olytic Ilwthocl descl'ibC'd by \'Vichmann d al. 
(2U). 

• 
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TABLE l.-OulUne of I,rcatmentll for apples used in ex'periments on rll11l0l'al of 
spray residue 

l\{IIi-crinls I for spruy trclltment Xo. -Dllto of Jlpplicll' 

tion lind CO,'cr 1----:-,-- 

sprny No. 1 2 .j 7 
---------------I---i----I---------1----

1iJ86 

o.covcr tpst: 
IJA+13 ______....___________ , 

~ (Jnn'll ~-n. IJA+1J LA+ll 1,A+B+l\IO ... _____ .. •___________ _ 
LA+13+}.[O _••.. ____ __._________ _ 

I eMllv 2~), LA+ll LA+ll 

a (JUIH) 1m '1, LA+ll \.,A+13 I,A+13 .•____________ 
5 (Au~. S), I,,\+B+:-IOI I~A LA+13 
·1 (July 21) • 1,,\+H+l\IOi 1,.'1. 

7·cov(lr {(lst-: 
I (Mn~'2U), 

2 (Jun~ 3) 

:1 (JUJl~ lIll -, -- .. -, ~ ~-.. '.. -- .. ",,·1 
4 (Julie ]0) 

' 


5 (July 10) 

6 (Jul~' 21) .• 

7 (Aug.S) .. _. 
 :t:==~::-~;~.~:l. 

1937 

! 
i ' , 

5-cov(.'r t l'st: 
I (.IUII(-·I), I[,A+1J LA+H 

2 (JUII<' 15) jLA+B I,A+lJ 

3 (JUIIt' 20)"." IL.A.HI LA+n 

·1 (.July 2i) •. _.' .IJA+.l!-j·1I10i I,A 

5 tAug-. 10) I !LA-I-LI-j.lIIO! I,A 


1 Ahllrl.'\~int.iolls nud tl1lUlltity IWI".lOO gallolls: LA=I,,'lld nr!:iPllfitt.\ 3 pounds; B=hordcnux mixture (2-4
1(0); M O=mincral oil (-lIIuI5101l, I gllllon. 

'LI BI,H 2.~ -Oil/line of f11Jpic-'ll'ClShill(! /1'('(I/'II1('nt8 

('Olleen Additional 1l111Ulo riai 
trillioll ofWnsh· ' hydro· 'l~i1I10 illinA" ' :vrnchinc chlorlc wnshing )'''eursIn-IIt nt'id in solution

II1£lU! Kindwnslting 
solutioll 

I 

i I'creellt 0J'-, ! I,i'com s ~ I 
AI, 1!1:Hi; 19:17.

UO".O " •• 0< IlO11-1 .. Flo.lntion"j 0.5 InaG. 
B-~ ,do. . I.~ (jO-,O GO 1930; 103•• 
JI-:l, 1 100 00 luao. 
B-1 I: ~ J \rl·tl.III~ "g(-III. (\'ul,;oll 1.00 (jO-'O 00 19:16. 

B-5 ,I,d"", 1.5 I do ... , , . 1.00 100 60 UlaG; 103••
:;lg .'1 
('-I , Flood .. 1.5 1 OlHO :15 1U:l(i; 1937. 
(1-,2 .. !. do, ••__ • IOU 35 JUaG; 193•• 
c-a "do ••. ( U I \\'l'llin~ uW-li£"(";lls"ll+' . 25 100 ;15 10:1•• 

, "nWOIlIIJ (1),- OrtIS). 
('-I ,do ._. I I. 5 : 1\'1 irwrn! 011 __ wa,. 
I),) FI"(l,I·hrush, ' 1. i, i oo~~g I ~~ 10:IG; 10:1•. 
)),2 <In I. [) . 100 a5 19:16: 11m. 
1)-3 do 1.5 \\'\'I:UII~ n~\-IIt (Vnlso'IFI:" 100 a5 Hm. 

II II lifo", II (il(' nJ'J.~). 
LH '" do, 1.5 ,\lilll'rni oiL 100 35 193U; lua•. 

'::I 
1. 00 1 _______~_~4~_~_~_~. _ 

HESUJ~TS 

Thc gcneral du,tf1 arc showll in tables ;3, 4, nlld 5 for Stnymnn 'Winc
sap, York Impcr1nl, and Deliciolls, respectively, in 19;36, and in tnblcs 
6, 7, and S for Stnymn.n 'Villl'snp, York lmp('l'inl, nnd 'Yincsap, 
respectively, in H)37. Some of the Iwcl'llge results from SPI'll,), trent
ll1Cl1ts I nnd 2 Oil Stn.ymllll 'Winesn.p llnd York Imperial are also 
prescnted ill figures 2 and 3. 

'. 
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• .12r-----------------------------------------, 
.11r-----------------------------------------------------~ 

~.IOr-----r-----------
=> 
~.09
a: 
~.OB

~.07-

'" :; .06-

",.05
=> 
~.04-
'" 

~~:= -~~ ~H61tn.u.nt ..~ =;~ ,in. 
I 2 I 2SPR AY ~~ ~ .!..}. .!.,J.. .!..J. .!..J..!..J. .!..J..!.J. l.3.!.); .!..J. .!..J. .............. 


VARIETY S Y S S Y S Y S S Y S}' S Y 

• 
-v--''-v-''--v--'-v--''-v-'''---v--'-v--'-v--' ~ 

WASHING A B-1 B-2 B-3 B-4 B-5 0-1 C'I 0-2 C-2 0-4 

FIGUHE 2.--Lead residues at harvest and after various washing treatments 011 
Staymltn Winesap (8) and York Imperial (Y) 1936. (See tables 1 and 2 for 
descriptions of spmy and washing treatments.) 

.16 r----------------------------------------------------------, 

.15 _ •._-

.14 r_-----•.------------ 

0.12- ------------ --~~--.. -----1 
=> 
~ .11 ---
II: 
~ .101-- • 11-------------------------·-------------------------------1 
:: .09
<I 

• 
a: . 
" .08 c- II-------------------·--~----- -----.--------j 

uJ .07 '- 
=> 

~ .06
uJ 

a: .05
o 
~.04
..J 

,03 --I-~---··-·-··-----·-- ------. "--
::: ]Hbtnl:ftrL.J-nlfll,jhl nI nl 

SPRAY I 2 I 2 I 2 I 2 I 2 I 2 I 2 I 2 I 2 I 2 1212 I 2 I 2 1212 12 I 2 -..r -..,-. -.,- -..,- -.r' -...,-. -..,- .........- --.,..--- ....... --.,..- ....... -.,-


VARIETY ~ ~ ~ ~ ---~ ~ ~ ~ ~ 
WASHING A 8-2 8-5 C-I C-2 C-4 D-I D-2 D-4 

Ji'WUln} 3.-Lead residues at harvest ami after variolls washing treatments 011 
Staymun Winesap (8) Ilnd York Imperial. (Y) 1937. (Sec tables 1 and 2 for 
descriptions of spmy and washing treatments.) 

• 


http:H61tn.u.nt


• • • • 

TABLE a.-Lead residue on Stayman lVinesap apples in relation 10 spray£ng and washing treatments, time of picking, and delay before 
00w(!sldng, 1986 

[Results cxpr~sscel as grnlrl I)('r pound of fruit and percent of residue beforo washing) 

~ !SPrRY treat-Intcnt I 	 (1Leael residue aCtcr washing treatmcnt.-D~JBY be(of(~ wash- ______... ~__ g
date or picking I Rep'"p" "om' I 1 	 1

Xo. I ~:ic A J3-1 B-2 B-a 1 B-1 I B-5 I C-I I 0-2 D-l 1- D-2 D-4 
f; 

------1-1-·-, '-·r---· , I r I 1---'--1---;-/- t"' 

----- !-----!-,~, I . Per· Per. Per-	 ~ 
~ Grain celli Grain 	 Per- ! t Per- I Per- 1 ! Per- t ! Per- Per- Per- Percent Grczi,.t ceTlt 

~ 


! b .073 
~ 


Nod..lay: H I l{ n O.0r.7 100 -...... ~ - ~ -- 0.017 25 0~~~1nl ce~~! Grai"l~cnt o~o~g'! ce~; Grain .c~~~. Gra~'l~~nt "Grain .c~~~ • •~~~~~ .~~~~_ .~~~~~ _~~~~.
I (Sept. 23) ..•. 100 

-~---- ----- . .014 19 	 E 
. 097 

.OS4 100 


o - II{ h
n 100 ------ .... _--- .024 25 

--,.-.- ---_ .... - .020 24 :~~ ~l'-" ..... :~i I~ :~:::: :::::: :::::f::::': ::':: :::::: :::::: :::::: :::::. :~:::: ~ I I{ g .073 100 0.020 27 .015 20 .013 IS 0.012 10 .010 14 0.011 15 0.009 12 0.011 15 0.009 12 0.007 9 
.011 17 .009 14 .008 12 .012 IS .Qll 17 .008 12 .008 12.004 6 m.005 100 .017 26 .013 20 

o { 8 .100 100 .028 28 .020 20 .018 18 .012 12 .007 7 __ "...... "" • __ .. ' .014 14 .012 12 .007 7 1>:1- b .088 100 .025 2S .014 10 .014 16.010 11.007 8 	 .012 14.009 10.007 8 ,J'J
3 { g .093 100 .030 32 .021 23 .017 18 .018 19 .016 17 .018 19 .012 J3 .0].'; IG .012 13 .008 92 (Oct. 5)..••••. II .082 100 .023 28 	 .018 22 .010 19 .015 IS .013 16 .014 17 .014 17 .012 15 .Oll 13 .008 10• { a 4077 100 .025 32 .017 22 	 ;:1.015 10 .011 14 .008 10 .012 16 .010 13 .011 14 ,009 12 .006 8" b .081 100 .023 28 .017 21 .014 17 .012 15 .009 11 .013 16 .009 II .012 15 .009 11 .006 7a .072 100 .013 IS •OIL 15o { b .053 100 .011 21 .012 23 .011 15 ,011 15 .008 II .009 12 .006 S .006 8 ?l 
- { a 2G .020 15 t:I.13:j 100 .0:14 ,009 17 .009 17 .007 I:J _,_ ).007 13 .005, 9 f .004 8 
I b • lUI 100 .0:)2 32 .017 17 .020 15 .014 II .OOS 6 . _.•. 010 14 .014 11 f .000 5 

.016 16 ,010 10 .008 S .012 12 .010 10 .• 006 63 (ON. 15)., ._. I{ { g •OtiS 100 	 .014 21 .012 IS . (XIS 12 i ' 

t"I 

.013 •Oil .OOS IIi ·:a7·i' "ioo' .-- .. --	 ~ .017 23la·lIn;" <It'lny nt room 
o 

tf'lllpernture: 	 "':IIf 1 I{ b .on 
2 (Oc1.5) -- ••• 2 { b .06!; /''''__ ••• ••___...__ 'II .020 32271 .018:::~ 1 ~:2q ,...... ____ ·1"" i .011 I:17 I! 	 g;100100 ___1 ' .021 	 ,:::: I 

.100 100 ___ ,._ .... .032 	 i:12 .029 29 ," ___ .,. 1.010 10.088 looj .......... 02\1 33.024 27",._____ i.OIOI II ~·:1 	 8 
1 For details ofspray treatments, see table I; a and b refer to tree replicates.
• For details of washing treatments, sea t"hla 2. S 

d 
~ 
t"I 
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TABLg ·1.-·-Lcod Tc~idlle on York /mperilllllppiesin relation to sprllyillglllld wlI.~hillg tr('(/tll/l.'lI/s, lime of picking, and delay beJore 1IJa.~hing, 1986 

(Il('sults rxpn'&;rd liS grnin I"'r pound of frull find pert'Onl 0( n'sld\l~ b<!fon' w"shin~l 
... ---_._-- ,..,. --"",----  ,"'--. 

<:, 
-ll'prnr tn,nt.\':..: Lead residue after washing treatlllrnl'-

Drlay lx'fore wfL,;hinc: and f Jlwnl t ~ ~ :\o.nnddnteofpicking ! ~---." ..... --'~"'.~,-"-~--------- ---'--- ----~-.-.-.•.-.--- 
i ~ ~ Hllpli· f) 

_ , 1>;0. I elite A B-_; 13-3 D-5 C-I C-2 D'I 1)·2 D-I ll:l 
J:II:l 
~. ~!-~ --0-'-'---1- ---:-. -0' ..~~ -0-:-'-1.p- ...."t No dolny: ---._- '-'-.'.~- '~-:~:l Percfl~ Orain! PCTcellt IGrain iPfTctllt Orai" JPercent O 0 o 

.~ ):{ I {n 0.076 100 0.016 21, 0.017 22 0.012 i 16 ~~/~~~_IP._-~rc_ent ~a~I~.:~~~C.(lIlj.~ ~~~n,~ ~:~~~/~ _..~~~n; ~~~~~/~~ -::: 
,. i h .083 100 .01:1 16; .014 17 -..... "-'" ... /......I........!. ••..... ~ ... f....... . >
.012 I' 14 


- h • .IOS 100 .024 23 .023 22 .013 12 

1 (Oct. ~)---..... ry I{ II • lOS 100 .027 25 .026 24 .010 9 t< 

, I {n .OIH 100 .021 34 .017 28 .011 18 O. oi5:1'::: :~5 O.~Oi4f:: ~~ :1::::::=:1::==:::::~.:~7 I' ::::::ii o 
"'l; J b .0.;3 100 .Ol"! 2!i .013 24 .013 24 .011 j 21 ....... -j-....... .001 8
.010 I 19: ?{ n .104 100 ,03" 3:l .029 28 .01:1 12 .D:lS, 27 .021 W •.. ' ...1...... -. .ooi 7 

. I -I h .ono., 100 .029 31 .025 26 .012 13 .0281 29 .022 23 ."" .007 72 (OCI. 15)........ ~ 

. . . . O. oo~ I' O. oo~ .006 ll:l6 i{ fl··.. ,1 ... ~.. .001 .000 .00·1 >:::::::r·: ..,. ....:~.... .0191 .014 .006

7I{ ~ .... 1"'_ .. ... i . I. ....... .0121 .Oll .006 

__ , 1I.. J If n .OM 100 .01:3 2:3 .012 21 '--~()iO'II'''' is'l ll:l 

? t h .0·19 100 .Oli a.) .011 22 .008 16 J:II:l 
3 (Ort.•6).....·•..• .... I{ ? I{ n .070 100;.028/ 40 .022 31 .010 14 Ul .... -, h .070 100j .026 37 .019 2i .012 17 ., t17-dny d{'lnr at room tern- , q

p('rntun~! 
J:II:l• 061 44 .022 36 012 .,j Ul.Of)3 30 .018 34 .01:1 24 ...... .12 CON. I.,L ...........--I{ I !{ U i~ I' :~n . 1 WI' .. 


.104 100 .053 50 •045 43 .OIB 17 ... I .. "i2 { .OH6 100 .OIS 50 .0·13 45 .010 ! ::;l 
13·dny 1l,·lny at room WIll- 17"'1' ! 

! o 
1)(!Tllture: \;'.... 

II .001 100 .030 -\11 .02(i 43 23\... __ ... . 014\1 I{ b .053 100 .02,:j ·17 .025 47 .012 23.. ... :. I··· .·r····2 (OCI. 1.5) 
2 { 

n .104 100 .06-1 I 61 .051 51 .021 W.. .'. I :--:.::: :::::::: ~ .···------I{ h I .096 IOn ; 78 .057 00 .010 W •• !_. j ....--.._. "d.07·1 I 
•••_____.~~_____~ TI ~ 

1For details of spray In'Htnl{'nts, sec tahle J; nand b refer to trce. replicates. Ul 
2 For details of washIng lrcntmcnts, SlW table 2. 

c:c 
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TABLE 5.-Lead res£dlw on DcUdolls apples in relation to spraying and washing 
treatments, 193(; • 

[Results expressed os grnln pcr pound ot trult oml perccnt ot residue before wlIshing] 

Sprny trent.- Lend residue niter wllShing trcntment ,_1llC'I1t.l 
Doto of picking ------ .- 

nep-No. A D-2 I B-3 D-5IIC11f('-- -,---
Grain Percent Grnin Ipercent Grain IPC~C:I; -;':;~t !Pcrcntl 

1 O.OOli 100 o.l1Ia 20 !I0.012/ IS o.OOi/Sept. 22____________ ""' { • litH 1IJO .013 21 .011 18 .OOS 1:1 
2 f IIt .la.5 lilt) .021i III .021 iii .012 \I

h .11:1 100 .02·1 ; 21 .022 J!l .010 !I 
I 

---~~ 

• For details or sprny tnmtllwnts, Sf'{l tnhlt' 1; n nnd h refer to trco replicates. 

J lo~or dt~tnils or wnshing trentments, StW t.nlJlt~ 2. 


• 

• 

• 




• • • • 
-,:

'fAULt] O.·,-Lcad residui' 0/1 Sta!J/lUU! rVill('sap apples in r('/alioll to spraying IIllti wlIIlh iTl (I Ir('(L1 III ('II is , time of picking, and delay before washing, 
IlJ.'J7 

[Hrsllits "xprcssl'd liS ~rI1tn Ill'r POll"'! of fruit lind pl'recnt of «'sldllc heforr washing] 

Spray Lend rcs{dueaflcrwnshing trcatll1{~nt.. 2_
tr(lntIlll11lt 1 
~D~lnr before wash· .__ ,~_._~______ .. __ .___~,__________ _ ____________._, ____ 

::1ling nnrt :\0, nnd - r : t"l 
dntl' of picking II T H('P'! • _ ')' D-l D-2 D-3 D-l !>'I ....~o'licntc; A ,B-2 n-~, C-I ! 0-2 0-3 0-.I o 

.! I I!,-- --i -i~-'-' --~l-·-'--!---i--.. I i----- -~---- -<> 
, ~i '~I ~ I~ ,~I ,~ !~ ~ ~. i~1 .~ t< 

No d~loy: o 
':jI{ ~~~l Cl~ '~~rf! cef~ :,~fi.f I Cfi'i rTUi":UC:!l:t'li1I, ~<1I1 Grain cent ,:G,r~iI';:~~~1 tr:~ir~;:~et:c~i:~l:~~~~:C~;,~;:~~~~:lf[:'~i~~i:~~~:

1 (Sept. 2!J) ___ ._ 
UJ 
"d:0¥~ j~~ :~:~ l ~f 1:~: 1 19 IIj:oo~'I-' i.o!o:oOG'1 s 6.-oo5-I'I;o:lJ(lO', S '0:005'1" io';o,oo,d'-"o'!o'-ooi';" ·g.lo:007'l.·..--0 ::1l

.1J?i! 100 .01S 1 !!!.! i ,()I~! II! .IXI~ 10 . 00? I ~: .oo~' ~"oor, i It .012 13 .OO~, 8 .008! £i .oml ~ > 
~.1.1'1 lllO .020, I" - .00<; G i ,Ill" I 111.1)09 , 1.001, 0 j'OIO ,J .014 10, .01_ !l .000, '1.010' 

,HI. I(X) .021 I JO ,(X), 6' .Ill:! I 12: ,000 I !;, .OOG I 5 .011, 
j 

10 .015 i 14/' .01(1 0 j.008 i 7 .012' H 
, 

2 (OCl. 8) .... ::t1,uo, 100 _021· :1I .013 III;, 1 -I I ., 1 - I ." 'I'" -.. .I. ,.. '.---- '--"'j''''-'' t"l,( .0,4 100 .022 :lO .010 I-I!' -"- -;. '-'1' - I" ... -- "--' - ... ' ..... .1 • , ,1.--........ ---.-- UJ
,!fiG 100 I .0,17 28 .021 la ' I __ . __ . " . ,, _____ -. " -- ...__ . -- . .I . - ,1---.-.1-----.•--.-- , ••.-- ...... 
. 154 100! ,038 25 .1J17 JI I ... ,- ,-----I _ "....1,. ___ • __ •• ' ....1..-..! -- . .I --••• ------/.--_ •. c:1 

.i{ :8~~ :ll& ',. :g)~ ill :&\~ :~ ::: '1 - , 'I: : : : : 'I : : .' : ..j::.: :.: :1-:': '~::.:::! :-- ,! :-: r.i 
I ::::: :::::: :::::: t"l3 (Oct. 1S)___ 

. lila 100 .f)I~ I~ !.IJ(I~ r ~'. ,f - - '. - --. - • ... ,;-- ·-·I···"I-----·! --- .. . ... .t...... : ---.'- -I -J' 

.10·1 100 :' ( 1-' --I" 1-- "-,, -- -r-- --.- -("----!" I'" "1--'-- ...--+--... b:j.018 .00" ,., 3-dn)' rlpl,,>, at room ::t1lllUlpt1rat un": o 
100 , 016 1 .11,000 S I - -- . -- , '-- -- • !.'.... ' l' ! .. -I' 1-- ....1- '" ··----1····-·-0 

I 
~ Ii 'I' '" ., ".--. ," ---... -..-.. --.---

UJ 

100 ,OIS ~~J .0011 10'_ -.-- ---- • -.. , .... -- .• -" .. ~ 
2 (Ocr. 8)•• ____ : { 100 .02, I 20 .010 7 -". [. - .... -- .. --1 .... -- ..---, ,-- ....... -- --'--' ... __ .i ___ .. _ -- "'-""-'"'''' --.,-- -- .... 


1U0 .02.lj 221. 007 "-'-T" .-- ........."..........,.-...---- --.. -- ------1---...... '1'....;..... ......1".... >
"d
6 

8-dny d.'IIIY III rOOIll 
H·wprrulun:: ;g

i uro I:gt~ I ~~ I:~~ Ilg ::::t-- ---::1::::-·1:::::: :::::: ::::::,::::::1:::::: ::::J:::::::::: ::::::1:-::::'::::::1::::::2 (Oct. 8) ____ • ___ { UJ 
100 .O~? *0 ,OOQ • ----,j..-...i..... -- .. - -I·....·--"-' ·--··+-·..-1·----- -··-··1------ .. -- .. --·--l----·;----·· -..-.. 

t;l 

8-dllY t1l'lny at :120 F.: 100 ,0_1 .(~; '~:~:: ::::J::::: :::::: :::::: ::::::,:::::: :::::- :::::: :::J:::::: ::::-: :::::r::~I::~~ ::::::_I 1010 ! ,DO
l:l .IXIf -? I 12j ...... \ ...... I... -.-. ----......-. ------:------ ----·-1··---- ···--·1·---·· .-... ····--;-----·;·---··1····-2 (Oct. S), ••--•• { 15!.W
1, .007~ Ij 6 :::::: ::::::I.~:_:::: :::::r:::: :::-:::::::: :::::: :.:_:::: :::::::~:=.::,_:~' :::::f:::r:::: :::::: 

i-' ,.....
I For dctllils or spray trl'f1tmcnts, sec bible I; n nnd " rerer to tree replical.·s. 2 For details of wnshillg tre~ltlllcnts, see table 2. 
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~TAIlLtJ 7.-·Lead resid'le on York Imperial apples in rellliioll to spraying (Inri 1l'1l.~hillg trl.'a/m('nls, lillie oj l)icking, lIud delay beJore washing, 1937 
t-.:l 

[Results expressed ns J(ralll p('r pouml of fruil amI JI('r~eUl of n·si'lu(~ h~fon' washing] 

-----·~---t"-"~- ..... · f 8 
t'lI SPr3;' 1 Lead fesiflu('aft.l'rwashingtrcBtrnrnts l_ (')treatment t ; 

Delay before wash- •____ _ 
ing nnd No. Hnd ' 1 ~ 
date of picking' Ht,p-' lj

B-2 B-5 ('-] ('-2 C-3 C-I ])-1 ])-2 ])-3 D-I! No. Iienlc! A 
______ : i ~ 

t ~ -- -~ .,..... ---~--,-,- i 
~-;--- --('- I tli 

Per- Per- Per- . Per- Per- Per- , Per- qI I I Per- " Per· 1 • Per· I' Per- :No delay: II I Grailll' cellt 'G",11I celli fGrai,,: ce1lt G",ill celli: (Ira;" cellt > Oruin cent Ora iTt celli lOruin cent' Grflfn cent 1 Grainl cent Grain : cent 
I ".. I ••••.••.. _ • ____ •

I I{ n 10'oOS ]00 0.020 20 \°.0131 1:1 ' f 
1 _ f •• ~ i : b .080 100 i .O]~. 24!. OOS 10 I ···,-·····1·I (Sept. 2!!) 1 f \ _! __ ~ _. _1 ~ __ ,.:;,{ oi{ n \.155 

' 
100 .033 21 .012, Sl i i r-'" ! +.. 

-: b .157 100:.031' 20 •. 01Q • ~ , :_
Ii{ II • 103 100 I .0:;0 - ,IO!. 00,: '10. OH! 1~ ,0, OO~ :0,(100 i 6 :O~022 j :Jto:oil '. li'o~ii08 fo:~(' D '0.007 i ~ 

7 

.• 016 , 11 .018 15 .022 15 .013 9 
b .10-\ 100 - .0_1 20 .011 11 i .oos HI .00, i .006 o ' . DOli n .010 10 .009 I S 1.007 00 
a.142 100 I' .037 26 .0]5; 11 i .028 20 . ,020 13\' .02·\ I 17 .021 I'

{ b .ID4 100 .030 18 ,OH - 0, ,020 IS .OW , .015 I 9 i .016 10 .025 15 .015 9 .017 !O , .018 11 "" 2 (OCL. 8) •. .snn .113 ]00 .026 23 .013 12 
b .110 100 .025 23 .008{ 
n .20-1 100 .088 43 ,05] 25 \. ~ 

{ h .212 100 .055 26 .038 18 :·:i·~::-t,~ 
fJln .112 100 .019 17 .013 12

{ b .002 HID 1.017 IS .010 II -·· .. 1 .. - .1.....3 (Oct. 18). . . J{ !21{ n .158 100 1.037 2~ .01~ 8 -~~-- .... --~ -I--~---. t:I 
h .134 100 1,0'13 3_ .010 11 t!i 

a·dllY delay al room 1 '"d 
tCIllprrntuf('c: ~ 

n .103 I' 100 I .021 I 20 ,.01 I 12{ b .101 100 I .0231 22 .01 122 (Oct. 8). J 21{ r, .1421 100, .046 32 ,01 0 i >:j 

S·dn),' tll\lny at room • If}! :: I 26 .01 >1::: 
o 

t(lrrlIWrntnrl' : oI'.103 10 ::d ....h .104 101 I{ 100 I . Ol~ I l~ I:8lg i j'
2 (OCI. 8) __ .. { 

a (')
.HZ 100 I .O-In I :12 • DIG II I

2 { g .10·\ 2:1 .013 Ii I q
100 ! .038 t<g·daydelnynt32° Jo'.: ! r-:

103 100 012 12 c:: 
2 (Oct. 8) . { 

]I{ r, .101 100 .010 I ]81..011 1 11 :::::.OIH 18 
.142 25 .01S 1:12;{ . 1 100 .036 t!in 
.164 100 .O:JO 18 .015 9f b 

-~--. ~-"~ -.-. ---,..--
I For d(ltuils of sJ1rn~· trl'uttnC'nts, see t.nbi(\ I; n :l.nd IJ n~fer to tn't'-I'eplicnles. 
, For rleta;ls of wnshing" t,,'ntmenls, sec Whit' 2 . 
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TAnL~] S.-Lead rcsiduc on Winesap apples in relation to spmlling ltnd wasMng 
trea/,men/s, 1937 

[Results o.<prl.'sscd liS grilin pcr pound of frulL IIIHII,,'rcllllL or rl'sldul'llI'fllrl' wnshlng]
--"._.,.-......- ._- - "",_._-....... ~--,.~--. 


Spru)' 
L(~nd residL1l' Ilrtcr washing treatmont 2-I".~t~en~:~~l_~ I DIIL~ of picking 

Nt). 1~~~lt~i- A B-2 B-fi 

Grain Percellt Grai" j .Percellt Graill Percellt 
II 0.080 100 0,012 ! 15 0.007 II 

Ol't. S .... __ ••••• _••• _____ ._._., IJ .WI 100 ,Olfi I HI .OOr, r,-- { 2 

I { 
{ II .134 100 .022 III ,00.1 ,I 

b .1:18 100 .021 I 17 • (XIS Ii 
~-.~,------.-. , .. 

-.-.~---' 
I ,~'(lr dNlllis of SPrIl)' trl'lItllll'lIls, sre t.llblc I; II lind b rofl'r to treo rl'plientes. 

, For til'IIII\S of wnshin~ tn'nllllollts, Sl'll tnulu 2. 


All of 1,11(' dn,ta pCl'tinen t to c('L'tain phnses of the illvC'stigntion were 
s('pfll'ated from th('s(' tn,bIes n,nd treated statisticnlly by all ann lysis 
of vlll'inncc, tlnd the discussioll is based on the stn.tistical significance 
of Ll1(' difrcnmccs ns estimated by such l1nalyses, III most cas('s the 
compllrisons W('['o bnsed on pe'l'celltltgos of the residues before washing 
rn.!hl'1' Lhltn on the n.eLlIn.l rcsid lie'S, 

COMI.'AHISON OF VAHIETIES 

HESll)UES A'I' IlAHVEST 

Dfttn. l'e'lntivl' Lo the l'esi(hws n.t harvest on apples of the different 
vnric! ie'S 1Il'P pJ'('sl'ntrd in tn.bll' 9; some nddi tionn.l data for StnYll1ltll 
'Yin0snp n.nel York Impcriltl aL the ciifl'C'l'en (; pickings were ItvlIilable 
but Itre not presented in the Lltble, A stn.tisticaL nnltlysis of ull the 
elata for York Imp(,l'ini nnd Staymn,/1 vYinesnp for the two scnSOllS 
shOWN] thltt York Impel'inJ carried considerably mol'C residue tlmn 
Stn.,YJ1lfLU 'Yincsn.p, the elifl'ercnc(\ being pn.l'ticuin.I'ly llUll'ked in the 
19:37 season, As Lite Y Ol'k hnpel'in.lltpp1es \\'(,I'e considerably smitHer, 
it s0l'med pl'obablr- that the elin'el'c'nCl' in l'esidue wns due mainly to 
difl'en'nC'{' ill size, ]ijllcnwood et nJ, (1) concluded that size of fruit 
WitS the pl'illeipni C'ause of difl'el'cnc('s between vltl'ieties. 

• 
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TABLE U.-RclaHon of IIU'1'iet'lI u'lld wc·ight of apples to lcad 'reS'h11le at harvest, 1936 
and 1937 

[Hesu1ls Qxpressod as grnin per pound of fruit) • 
Sprny trent" A wrngo Lead residue lit; hnrvestImont 1 weight o( 

Vnrit'ty and yror apples in I
snmpio

,NO. 1~~lt~ I (S,) 

-----~->----- ·,~---·i-~---~ -_.."---
OTfl'1llS Om;u Oru;n 

n 12:1 0.073 n.OS7{ h 1:1:1 .OU5 .08:1 
f 120 .100 .117 

;1 b" 1.17 .088 .I:U) 

133 .0815 .104 
!'=='

i{ IOIi .077 .120
I "b • 1·1:1 .0\10 1'l')

1037 ;{ 	
.) ,./ lb,' .137 ./!III- i "h 1i7 .111 . 18:1 

lUll • !03S • I lin 

.A \'PfUJ.H', hoth ypur:-; I 	
•York llllpl'l'il;i: 	 i 

11 	 . UHf!Ij II 	 .OGI19311 • __ . 
n 	 .101"""I l h 	 .097 

--~IOG~ _._._~r: 0785I 	 .081,'-""""""" 

II 	 i,' ""g~ -'I' : l81 :~~·"'=·=:'~l80=2 
1937__ "____ • _______ ." 	 h

,---" -- ---- -----"_.--.\{ II li2 r .1-12 .15ti 
l. 	 I 127, .164 .~>()I 

.--~*-----,--------, 
Average-	 lOS I .1282 .1·10 

l-;::;-=.~_::::;:_,..:;.j--·-;cc:::::.--::::~=j:'=.::....--;:= 

AY(,lrngl', lJoth years 	 j 107 I . 103·1 I .110 
'==="1'''''=='

D.)iiaious: 
U I,ll) . IJ(iU .077I
h lUI .001 .071 
II 119 .135 .I5!iI 
h 	 : 12!l .113 .141 

i___~_122 -_. -.~?~~l:=~~ 
\\,iIWsup: II J.\·I •OSO Ii . llO 

b 1111 .101 . ll7war 
11 141 .134 .180 
h 12li .13S • HiS"--"'<---<-----_.. ,~.---'~---,-

132 • 1132 : .144 •
, For dt'luils of "pmy !.relltmPIl!.s, SL'O 1.lIhlo I; II ulld iJ re(er to tri·(· repiit~lIlt·s. 

, Bnst'd Oil ncluul size of nppli.'s ill the SlIlIIpli'. 

3 lluscdOll Ullpics of IOU·\!:rfllll size (uhout 2l~ inches ill diulIlet"rL l{=ndjusllllcnt fuclor of 0.8,[ (seu p. 15).


Adjustment for size whell $2=100: 	 • 

(n) (or S,> tOO, 

U,=R.+ (S';,S"K.R,) 
(iJ) (or S.<IOO, 

As rcportcd prcviously (5), it was observed that apples from repli
cate spl'll,y plots of tllC samc vu,rieLy frequently diffcred grcatly, but 
not ns much n.s ill the previolls report. n.n<i, contl'U.l'Y to the en.rlicr 
report, with few excepLiolls when thcre was u, difference in the size of 

• 
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REMOVAL OF SPRAY RESIDUES ]<'ROM APPLES 

the apples the sample with the larger apples had the lower residue. 
Heald et al. (8) reported a similar relation with washed samples; 
they found au average of 30.8 percent more arsenical residue on the 
smaller a.pples of 12 duplicate samples in which the apples in the 
sample with the lurger apples averaged 17.6 pm'cent larger by weight. 
1\. decI'case in residue with increased size of apples is to be e}..-pected, 
since the larger apples would hn,ve a smaller surfac/) area per pound. 

In the present study there were 16 pairs of unwashed samples from 
duplicate sprn}T plots in which there was at least a 5-gram difl'erence 
betweell the samples from the duplicate plots in the average size of 
the 11pples. The1'e was a significnnt avemge incrC'ase in residue on 
tIl(' samples with the smaller apples. The difl'erence averaged 
0.0048±0.002:3 gmill per pound for each 10-gnnn difl'erence in the 
ilvcmge size of the apples. As this difference would no doubt vary 
with the size of the load, it might be e:\l)l"C'ssed better on a percentage 
Imsis. On this bilSis the avemge increase in residue was highly 
significant n.nd amounted to 0.84±0.30 percent on the sample with 
the smaller apples for each I-percent difl'erence in the size of the npplC's 
in the samples. Using this fiS an adjustment fnctor, the residues werE' 
computed ,)ll the basis of the apples weighing 100 gmms, which an~ 
l'quivlllent to those of about 2.5 inches ill diameter. On this basis 
tlH' average difl'erence between replicates was reduced, as shown in 
table 9. 

Au annlysis of vurinnce of the adjusted values showed that York 
ImperinJ apples had highly sigllificantIy less residue than Stn,ym:m 
,Yinesap apples. This finding is in ngreement with the results of 
Frear and ,Yorth1<~)T (4), who found that more lead per unit of surface 
area wns deposited on Stayman \Vinesnp than 011 York Imperial fruit. 
"'hen conecled for size ill 19:36 the Delic.ious also had significantly 
more residue thnn the York Imperinl apples. Delicious and Stnymnn 
Winesap did not difl"er significnntly. The internctiou of spmys with 
varieties indicated that the nddition of minC'l"nl oil emulsion to the IntI' 
conI' sprn.ys incrensed the residue on Delicious to a greater extent thun 
on the other varieties. This is in accord with earlier results (6, p. 12), 
in which it was noted that Delieious had he:wier' residues thun the 
other vn.rielies trenu·d when mineral oil emulsion was used iu the latl' 
sp l"U,ys , but not with other types of spru.y treatments. \Yhen adjusted 
[01" sir-e, Winesnp 11pples aVl'l"llgl'd significantly less residue than 
Stnymllu \Vinesap in 1937. 

ItESIDUES AFTEH WASIllNG 

As the residues on the difIen·nt vu.rieties difl'ered at barvest, and as 
n. rather high correlation between residues nt harvest and after wnshing 
hns been 1"('portcd (6, 1)' 16), they might be expected to differ c~ITe
spondillgly after washll1g. In order to measure the cnse of reSIdue 
n'l11oYal from the diil"erent varieties, it sl'emed desirable to express the 
results ns percentnges of the original residues. This was done in table 
10 for the two wushing treatments used for all varieties during both 
sensons. These results show a hjghly significnn t difl'erence between 
y Ol"k Imperinl and Stayman W'inesnp, with the average percent of til<' 
Ol'ig-innl residue retained by the York Imperial npples 35 percent 
greater thnn thnt retained by Stn~rnllUl "TinC'sap. The York Imperiul 
apples retained n. significantly higher percentage of the original residue 

http:0.84�0.30


16 TECHNICAL BULLETIN 828, U. 	S. DEPT. OF AGRICOl,TURE 

than Delicious did in 1936 and than Winesap did in 1937. Staymull 
'Winesap apples did not differ appr('ciably from Delicious in 1936 but • 
retained a higher perccntage of r('sidue than 'Vinesap in 1937, 

T.\DLE lO,-Rela/ion of varietll to ease of lcad-residue removal 

(Ht'suits ~:<Jlre$sl'tI ns POff'Nlt of r{,..,;jdul' tJ(l(orl' wfL<;hitl~] 

Residuo uftllr washing: lrcntmcut,2
Sll~!~~·Jllr~lut.. _-.__-,-__~_____._____ '+-_.......... 


Vnri('ts IIn~rnge 

1930•••_••••• -. 

York Impcrilll: 
:14 	

•19 } 
:1:1

193(L "'c 	 21,i lS 
23.3 

12131 
l\l 19.2 
~~l 1~IJ~'} 

15.1 '}~I) III 
Iii , OiD~llci611S: 

20 
1930•.••• 	 21 

15.4 _""Cc 

21 
11' 

Wln~sul1: 

15 
193••••• 	 III 


Hi 
 11,0 
Ii 

~-.. 	 .. -'--:-:-~-:-:'-~--'----::--
! For dNOil.... o(spro,r tn'al.llII,.'I1ts, S('(llnhlt, 1; nand IJ n,lfl'r to trt.!creJilicnll.'s. 

j F'Qr<i('tuils of W1L"ihill~ tnlHt uWnts, S['I.' tnblt· 2. 


These resulLs with York Imperial lll'C in fig-ret'ment with those of 

Freur nnd "-o(-tlde~T (8) and .lIoug-h (9), 'who reported that York 

lmlwriul flpples ,\'('re hurtler to cknn than other varieties, 


HELATlON O~· TIMI~ OF 	PICh.ING TO RESIDUES AT IIAHVEST AND EASE 

OFlh:S(()UE HE~I(I\'A L 


"~ith deluy in hn(Testing, til(' residue in grnin per pound should •decn'use both beeaus(' of tlw in('I'('Hsed w('igilt of till' fruit unci b('cllus(' 
of thc possible loss of I'('sidue froll1 weathering. On the othel' hflnd, thc 
ense of rpll10vnl might dN'I'cns(' bccllm;l' oJ the development of wux 
that might tend to cover the residu{' Ilnd thus PI'ot(,(·t it f!'Om thc wilsh
ing solution, In order to (i<'terminc thc extl'l1 t to which thl' l'csidul' 
dCC('CflSeS with delny in harwsting- und the incrPllsed difficulty of ('('_ 
111Ovnl, 1111'('e pic'kings of Stu.yrnan '\~inesap nnd York Impcrial apples 
were mndc approximately nL lO-dll,Y inl('ITllls. 

The results at d ifrer('n l illu'v('sttimes Ill'e presented in table 11. 
There was no red ue( ion in I'('sid ue d ul'iug till' first 'in tl'rvnl llnd only 
about 12 pel'('ent ('('(luction during til(' second int('I'vlll. There WIlS It 
grudual but hltl'dly sig-nifieflnt illel'ensl' in tile IlvPl'llge size of the Itpples 
uscd in the !lltll1ples Ilt thl' difrel'ent pil'kings, In some instances there 
was llllllpparellt dccrensc ill size \viib time, This would indicate that 

• 




17 REMOVAL Oli' SPRAY RESIDUES FROM APPLES 

• 
repl'esentutivc samples were not obtained at ench picking, which may 
account in pn.rt for the lack of d('cr('use in residue. Thl1t apples of 
approximately the sumc n.verugt' size showed no decrease in residue be
tween the first nnd UIC second picking would also indicn.te thn.t little or 

• 

no weathering occurs. 1Vith Stnymnn \VinesfLp in both years nnd York 
Impcrinl in 1937, nbout 2 inches of min fell between the first and second 
pickings (fig. 1) nnd only J inch between the second nnd third pickings, 
yet there was u, gn'nt('r loss of residue dming the second period. 
'Vitil lode Irnp(,l·illl in 19:36, 1 inch of min fell between the first and 
second piekings nnd 4. inches bt'tw('en the s('cond and third pickings, 
yet tht' loss of rl'siciue wns neariy til(' stUnt' III both periods. This 
would indicate thn,t. rainfn'\l has litU(' tcnd(,llcy to wush the residue 
from the npplp!: aft.<'I" it hns b('(~n on for SOIlI(' time. \Veber et al. (19) 
obs('IT('d thnt onc hpM'T !'lUll willl·('move by washing more residue 
thnn nn equal I1mounL of l"iIinfnll coming as sevt'l'Ill smull rnins. On 
tIlt' otll('r hn.nd, Frear n.nd \Yorthley (.1) fOllnd no eonsistcntly greatel· 
loss of r('sidUl.' when min f('11 thnn during periods [rec from min, and 
tht'y eone1uded thnt tht' weatll('ring away of spl"iI,y dpposits wns a 
negligible fnetor compn,red with pPI·-unit losses due to fruit gl'Owth. 
l'oJon'OYCI·, Elknwood (·t nl (1) I·('ported highel· residues in a seUSOI1 of 
hrflv)' pn'eipitation (1935) thun in 011(' of lower pl"('cipitation (1936). 
TIlt' rcsulLs prrsl'ntNI herein arc in nceord with those of Frear '\ud 
Worthlt'y (4.) and Ellenwood ct al. (1). 

T,\Il[,g 11.-Relalion 0/ /£/IIC 0/ picking Lo lead fI's'hI1lf!8 at harvest 

Variety IIlId yetlr 

Stnymfin \\~iJwsnp~ 

I!I30 

• 

1 }""or uctuils of spray treatments, sec table J; n nnd b refer to tree replicates. 

As indicated previously, the el1::;c of residue removal is best indicated 
by tht' ppr('cntnge of the originnl residue remaining after washing 
treatmcn (s. Till' d :1,( n, rein! into Lile cfl'peL of picking time 011 rcsid lIC 

removal lU·P presen Lcd Oil this basis in tnble 12. A statistical exami

• 
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nation of these data showed that the varieties responded differently to 
time of picking. The difficulty of residue removal incrcased with 
delav in picking in the case of York Imperial but not with Sta:yman 
'Vin~sap. There is a greater tendency for the waxy coating on York 
Imperial fipples to become soft and grensy with Inte harvest nnd 
during ripening than there is on Sta:r-mnnWinesnp, find this may 
accotmt for the difl'crence in the response of the two ynrieties. 

The use of 11 wetting ngcnt in i1 heated washing solution eB-5) 
greatly incl'cnsed Lhe residue l'emovnl but was of greittN benefit with 
the late-picked York Tmperia.l apples than with the ea.rly-piekecllots. 
The use of oil in the second-brood coyer spmys had no efr('(·t on the 
rclnti\Te case of residue l'cnHwal from oarly- n,nclln.te-picked a.pples. 

'1'Alll"l~ 12. He/ation of /£1/1(' Of pick£ng tv ('(lSI' 0/ lead-rrsitlue l"I'I/1Olla/ 

[Hesults expl"c:;.<ed ns P<'n~'nl or l"('sl!hll' horol"o wllshing! 

SpJ'n)~ tl'('Ul- J"('JHll'fl~rdu(' r:indiCflt£'d pi('king art('1" wnshin~ 
, Jtll'nt.. 1 lrNllnH,'llt 2_L 
I il-,j 

Ropli- ' ~ No. (·nlp. 
F'irst ::;{i('Oltd 'I'hinl First Sp('oud 'Phird 

picking pirkin~ pi('kin~ pic'kitH! pic'kin~ pic.'kin;.; 

Stnyrnll!l W lu~s:lp' 

191(, 

W37 •. ,. 

A\'~rnl:~ 

{I 

2 { 
I {
.,{
- I 

I 

n 
b 
n 
b 
n 
b 
II 
b 

J-laCI'f,1 Pererni Prrcrnt j Percellt 
25 :!ll 21 I:; 
IU 2fJ i l~ 
2~1 ~II ~.t II 
2J to! 9 
III 21 

20 I 12 
22 20 19 III, _ 15 17 _ 
Jll IU 17 1--, 
~I In 211 III-

J'frcrll1 
J.l 
12 
7 
,\ 

12 
II 
Ii 
11 

10 

Pacelli 
12 

!I 

15 
12 
;

111 
-

York rDlp~r1nl; 

1031L 

1937 

{ 

{ 

{I 

!! { 
{ 

:{ 

n 
h 
fi 

" tl 
h 
n 
h 

21 
16 
~.i f 
~)'~ , 
~O ! 
"2·1 
21 
20 

:1I 
~13 I 
a3 :
:1I 
1U 
20 
:'6 
I~ 

2:i 
:15 
,10 
:li 
17 [ 
I~ 
ZI • 
:12 

In 
11 
\I 

12 
1;1 
In 
~ 
(, 

I' 
HI 
I:! 
la , 
It 
II 
!I 

IS 
III 
1·1 
17 
12 
II 
,~ 

11 

.J,\ Yl'rngl" 21 2ft 
~, ' .. ~"" .-~-. 

2", II 13 1:1 
A\·erngf.\ hoth \'ariN irs._ 21 ~2 21 II II 12 

I j."or dNalls of sprny tn'ntlJll'ots. lWl~ whit' 1· 1\ null h nln~r to In't' It'pli('ntt'~.
2 For dNttitfot of wfl,>ihlng trt~ntlJwnts, :-:llt' rnlJlll 2. 

HEI.ATION OF DELAY BETWEEN lIA1tn:S1~ AND \\'ASIIING TO EASB OF 

RES_II>UEREi\IOVAL 

'rhe deyclopll1e!l t of wax on Lhl' fruit proceeds n,ftel' hnrnst and is 
I'clnti\'ely mpid a.t big-bet' temperntul·C'S. Ill('I'('nsed difnclIILy in 
residue- removI11 hns beelll'epol'led with dcln,y :tHer ba.ITest. In 1936 
Stn.ymnnWinesn,p llpples pie ked on Odober 5 und pln.cC'd n.t 32° F. 
OIl October 6 were wn"hec\ on October 7 and 8, n t which time simila.l' 
UIlWfished sn,mplt,s were placed itt room tempel'n.Lul'e (n-bout GOO) to 
be washed I1ftcr 2 weeks. York TmperinJ apples picked 011 Odober 
15 were pin-ced in 32° sLomge. The no-ddn_y (Itt h:1-lTest) washing 
trel1tments WCI'e g-iven n.ftel' I week n,t 32°, itt which time unwashed 
samples wel'o loft 11t room t('mpernl-lIl'e lmd wnshed npproximll.tely 1 
!l.nd 2 weeks later. 'rhe results nl'o gi\7en ill the first part of table 13. 

• 


• 


• 


• 




• • • • 
'LuJI"g 13.-· Rr/rlliolJ, oj delay bfill'l'Cli hOrl'C8l (llld It'{lsilifl(1 10 [oui-residue rCIlIOt'{11 

~ Ht'~\l1ts P:l.llf(·SSt'l\ a.'\ lll'rc'l~nt of rt.osltlut' llPfuf" wll..l.;.hinc) 

L(,fvl residut'" nfU'f itltli(':lt("ri deluy and wn'ihing lre~'lUlt!nt '2 __ 

;;prAY treal· ])('Iny at room t('mlWrMlIr(' for 
ment 1 jl('hy at ~2" F.

);'0 dl'lny 3 ~ for s dnysYear nnd varlely :l dnys 7 nnd S duys 13 days !<' 
8 
-< 

nepl!.! B-2 lJ<j llii II .~ II-I II·;' B·2 II-~ IH; B-2 IJ-3 B·5 B-2 B-3 B-5 :> 
Xo. t:"c.at~ 

o 
Paemt Paeoil Parrnt, Perreut' Pacellt Partnt j)crC(lIt Pactllt Pacent Pcr_~elll Perren' PerCl'lll Perrent iPercent Percent !oj 

27 \ 26 181030: fa i 211 1, I l-I 1. Ii \J)32 2S)1 III 2I} 1, 12 I
Stn}'man Wincsap ... 

I 

20 I~ 7 l 
32 2'J 10 ::tl12 {" h IIi 1') ~' :13 2, II :> '" 

--.- ----!--....~ --  ....;;H I 2;.5 14
PI I, III 

A \"'cragc.. ,.._~ .. ~_,,~ ~"." .;~ .=.c~;\ "":;;;"~ - 2:l ::tl 
fa l':\\ 1S 4-\ ~in t":l 

:311 31 21 4, J 4i 23 U1III 26 2·1 W 

"'1 ;)3 '" 12 c: 


:JIYork ImperiaL....... .'i(\ -13 I. Gl! 51 20 1-1 

l2 Ill. 31 2fJ I'l W I. cj·lil is ~ f,(l I 20 

t":l 
31 211.5 ifi ..lj 45 :Wfi ~-1D.5· ....~(~_ 50 L 2J.tjAverage" ..... U1 

i 
193i: 11 ., 21 (I 1 r-:j 

n 21 1~ IU !II ::tl 
{ ~'U II J:l III ~~I HI 1'< I !II j o 

Staymrm Winesnp... r. 1:~ ; '2(1 »1) < :>'{: {
n 
h 

15 j, fi 22 2l .... 
h I!J 

JU tfl 21 \ ~~I ."i > 
Average............ . .-= 

.l!1 p, 12 20 12 III
{b 211 I~ II 22 12 ~ 

York ImperiaL II U1{: 2fi II " 25 13 :I~ , 1'1 l ..... '" '" 
R __ ..9 2G -- {b o I~IS 

.-. ~--.--.~. ---
HlAverago.. __ ..... .. ~I (I. " 20 II 25 10 22 , 

, For details or spray tr~ntll1('nts, Sl!~ lllhie 1; a nlld h r~fl'r to trCI! r~pJiI;<ll~s. 

1 Vor tll~tllils of wflshill!! treatments, S('t' tnhl" 2.

3 'I'h~ no:(leIIlY lots were wllshed 'IS S(JonllS possible nftcr harwst, hul. this W'IS gcnerally IIftcr sl','ernl dllYs Ill. :l2° 1-'., tIS indicated 011 p. 18. The delayed lots were !(il'en ndditlonal to

delay as lIl(itcnl.nd. 1:0 
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As in table 12, thc datil. in table 13 nre Pl'cscutcd as pCl'C(mtagc of 
the original residuc I'('mailling and show tbitt a delay of a,pproximnteiy 
2 weeks at room temperature gl'catly inCl"('nSNI the difI-iculty of 
removal. TIl{' efl"('et of dc'llty was much grclLtC'I' on York ImpC'rinl 
apples, the conting of whieh tpllds to becomo morc greasy with ripen
ing, tlHtn on StllTrnnn \YillPsn:p. Aftcr approxirnntdy 2 weeks' 
dl'lay thel'(' WIIS nn IWPI'ngc' of 79 perct'llt mon' residue on YOI'k 
Imperial and 5G lH'r("t'nt more 011 Slnymnll ~Yill('sap thall when thl'Y 
werl' wnsll('d as soon ns possibl(, nHpr liar-vest. A dc'lny of only I 
week {'esll\t('d in nn illtpl'l\J('diatp (42 IWI'('pni) in('rl'l1scill l'psidllC:' on 
York Irnlwrinl. Thus, It (]('In,Y of I w(,pk hnd about as Illu('h erl'(\('1 
011 York T111 pl'rinl as II, d('ln,y of 2 \\'ppks hnd on S(;nymnn \Vi IlPsnp. 
The type' of sprily t I'('nt nH'1l t nIso in f1upn('Pfl sigll ifienll tIy til<' ('(1'('('( 

of (Ic'lny on ('lISt' of I'PSi(/llP 1'('1110\'111. A d!'lny of approxirna,(c'ly 2 
w('eks {,l'sldt('(1 ill 89 1H'1'(,(,llt mOI'(' I'('sie/up nfl£'I' washing 011 I1pplC'R 
f{'om spray tl'('atlll('I1( 2,ill whieh rnilH'l'Il/ oil ('llIulsioll \\'ns ndd('c/ 
to thp latp (,Ovpr sprnys, wh('I'pns (.h(' in('I'('IlS(' \\'ns only 52 IWI'C'l'llt 
wh('n minNnl oil I'mllision wns not used (sPI'Il,,\' tl'l'n,tnl('nt 1). 'I'll!' 
('f)'pct of dplny wns lI1u('h I('ss ",hl'n n. dpt('I'gellL 01' w('ttillg Hg('llt \\'H" 

uSNI, liS th!'I'p WilS 78 1H'I'(,t'lIt mol'l' I'p"iduc wht'll wl1slH·d with ftNr.(pd 
Ilcid ollly (l3-a) nftl'r 2 w('('ks' dplny tftnn whpll wnshNI imll1e'dint(~ly, 
bu t olll~,; 88 lH'r('('1I t 1I10l'P !'('sid uc' \vhpll It hpH tl'll neid wdting-agpilt
wnsh (13-5) wm; lIsl'd. 

13l'('nllsP of t ftl' gl'NI! in ff UPI1(,P of dC'lay 011 the' 1936 l'pslIIts, it wns 
thought. IId\'isnhll' in Lil(' 19a7 ('xpl'rirn('lIts to sLuely lIH' er)'(,cl of 
shortpr lH'riods of (/e'ln), nnd to dptpl'lllilH' whl'j/wl' stol'l1gP nJ 320 :F, 
('ould 1)(' IIsNI to IH'('\'('I1( til(' n(/n'r,,(' (,r)'p(,(s of ftolding at 1'00111 t<'m
P(,I'nttll'P", Delays of :3 lind 8 da,Ys n.t room tpl11l}('I'nttlJ'p and 8 dn,vs 
nt ;~2° F. W('I'(' us('d, nlld tlt(, l'l'stIlts nl'(' gi,Tpn in til(' 10w('I' pnl't or 
tnhh' la. I'll(' pf)'C'ct of dplny wus muC'ft I('ss pl'onotll1('('(1 ill 1937 
than in Ina6. III 19:37 (lIP dl'!:WS hnd no di,,(,l'rlliblp p()'('('( \\'lH'n fl 
IwatNI ltC'id w('Uing-flgc'nt SOIIlt'ioll (B-i» wns used, Holding til(' 
IIppll'S fol' 8 dllYS III ;12 0 did Ilot iIH'J'('nS(' till' diflif'IIIty of I'('sidll(' 
1'(,l11o\'nl, ('\'('n whC'n Lhey W('I'P wnshpt/ wiLh n('id nIOlH' (B-2). A 
d('ln,\' of 8 days at 1'00111 ('IIlIH'I'n,(III'(' did npL in('I'PIIS(, til(' dimelll!,\' 
of rc'sidu(' rl'movlll nny InOI'(' tfll1ll a C/!'In,y of ;3 dnys at room !PIllIWI'H
tUI'l'. 1)('III,\'s of :3 and 8 days a! I'oom tl'IllIWI'i\,lul'(' 1'('sI1lt('d ill n. 
signifi(,l1nt inc'I'l'IISt' in I'psidll(' 0\'('1' imllwdin.t(' wnshing nnd d("I1~r nt 
32

0 
wh('11 \\'llsl1('1/ wi t h Ilc'id nlon(' 11 t room tompNnttrr'p (B-2). "'his 

ill('I'('n,,(' n,\'PI'ngl'd 17 IWI'('('IIL As in 1936, the' lots "pI'nYl,d with 
It mixllll'(' to whieh mill(,I'n.l oil (,l11rrlsion WIIS ndd(,d to (ftp Intp ('OYPI' 
sl)l'ays gn.\'(' a sonH'what grt'Htl'l' in('I'('IISP with (klIlY (28 IWI'('l'nt) 
\\'h('n wHshNI witlt til(' snn1l' solution, Tlrl~ irrtC'I'Il(,tion of vnl'idy 
with ddn,y did 1l0( indi(,llt.(' IIny signifiellnt difl'('I'('ne(' in th(' Vlll'il'Ui.f 
1'C'sponsC' to df'lny in Ig:n slJelt ns wns found in 19:~6, 

Thp ellust' or til(' dif)'l'I'PIIl'P in I'('spons(' to d('I:W in til(' two S<'llSOnS 
is not ll.ppn,I'C'nt. It mn,y bl' that c1imntic ('one/itions in 1937 stimu
it1tl'd n.n pndy dc'\'pIQpnwIlL of W/lX, so that lilth, rUI'thc'I' wnx dl'\relop
mPII! O("ClrrT('c/ during tll(' dday 1)('I'iods, ThC' Iwn.vil'I' r('sic/ul'S HI 
hnl'v('st in 19:37, und g('n(,I'lLfly !:II(' gn'nL('I' difli(,lJlty of e1NUling n" 
compnr'NI wi th 1986, would t('nd to SUppOI't thi", assumption, 
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REMOVAL OF SPRAY RESIDUES FROM APPLES 

RELATION OF SEASON TO SPRAY .RESIDUE AT HARn~sT 

The residues at, hnrvcst Itvemged 0.032 gmin pel' pound (42 percent) 
grenter in 1937 thun in 1936 011 comparH,ble lots of St,ayrnan 'Vinesl1p 
and York Imperiul. The total rninfnll dming the growing scason 
(lvIuy 1 until the apples wcre picked in October) wus practically the 
sallle for the two growing scasons (fig. 1), so thnt the l"ninfnll docs not, 
npPt'ur to bc Ilssocinted with thc grenter wenUwring that nppo,rently 
o('cUlTcd in 1936. Nor can the difren'llce be atlribut,ed to djfferences 
in the siilI' of thc apples, as in 1937 they u.Ycmged ns ilu'ge as or Inrgcr 
lhnn in 1936. 

HELATION 0.,. SPHAY THE,\1'MENTS TO RESIIlUES AT HAHVEST AN/} I~ASE 
OF lh:SIDUE HEMOVAL 

The nddition of milH'1"Il1 oil to th(' Insl two of five ~over spl'ays 
(spray 2 versus spm.y 1) incn'ltst'd the aVPl":lge residue nt harvest for the 
\'urious lots in 1936 and 1937 from 0.0768 to 0.1135 gmin pel' pound, 
nil inen'21st' of '18 pereent. 'ehis is ill eiOS(' ngl'(,t'lllent with the 49
perrent inerens!' repor·ted (6, p. 14,) for t.he 1934 nnd 1935 seasons. 

Cprtilin n,ddilionnl ..;pmy trentnwnts wen' applied in 1936 to Stny
Illnll 'Willesap apples. The addition of minernl oil emulsion to first
brood ('OVN spm,ys (eovcrs 2 nnd 3) (sprny 5 versus spru,y 1) resulted 
in 0, 14-pereenl inerNtsc in rpsiduc nt luU"vpst. On the bnsis of such 
limih'd evidence this difrel'enct' is nol sigllifkunt. 'When no limp 
(bol"dplUlX mixture) was uspd in til(' Inst two of fiY(' covel' spmys (sprllY 
3 versus spray 1), the I"esidue was incrcased 27 pel"cent. Again the 
('videllcc is not sufliciPIll, to delllonstl"ltte thnt the difl"erence was 
stu tistieally siguificn.nt. 

Additional spmy tt"cn,tnwnts were applied ill 1937 to both StnYll1un 
'VilH'sap nnd YOl"k Irnpt'I.·inl. The addition of milll'I"IlI oil emulsion to 
l hp Inst two of five eOVl'1" spl"ays I"csultNI ill 11. 48-ppI"Ct'lI t incrense in res
id UP whl'll bOl"dl'IWX (2~4~ 1 00) WIIS uSNI in nil eovPI' spl"ays (spmy 
2 \TeI"SllS spmy 1) nnd 102 pt'l"cpnt when it was not used in the last 2 
spmys (spl"ny 4 vel"sus spl"ny :3). Omittillg lhl' bOl"dellux (spray 3 
\Tl'I"SlIS sprny J) did not ill("I"!'21SC the I"esidue at hn,l"v('st whell oil 
('ll1ulsion wns not uSNI ill 1937, but til(' I"('sults fOI" Stl1ymnn 'Wincsap 
ollly in 19:36 indiC'lIlpd II 27-1)(,I"(,Pl1t inC'I"('nsc. 'When milll'l"Ill oil 
('llIl1lsion was uSNl in tht' Inst two con'I' spmys till' omission of the 
honi<'allx (sPI'Il.y 4 V('I"SUS Spl"lt.y 2) I'eslrlted in 1'1 :33-pcl"cent incl'cnse in 
rN;idll('. 'J'his is in gl'lll'rnl ngl't'clI1l'nl with til(' rc'sults COl" lfl35 (6), 
whpll the l"csidup WIlS 54 P('l"CPllt highpl" with bOl'd!'l1l1x omitted fl'om 
thc Inst fOUl" oJ S('\Tl'1l COVCI' Spl"lIys of Icad UI"S('lllttc with oil emulsion 
in thc last rOlll' (,OY('I"S. 

'['ht' ('ns(' of I"l'sidue 1'CI110\'I1'\ ns shown by til(' percentage of the 
ol"iginal l"C'sidue I"emnining nftpl" wnshing Inay nlso be inflllPllccd by 
the LYI)('s of spmy und of washing tn'a,tnH'llts. Although the ndditioll 
of milH'I'al oil ('ll1ulsion to In.t(, covel" spmys incl'Pusec1 the lead l"esiducs 
nL hm:vcst. tll(' PPI'C('lltllge of thc or'iginnl I"esidue 1'el11oY('(\ WlIS nlso 
gl'Nlkl'. pal"ti('ulnl"l~T with the mOI'c effective wushing tren.tment 
(J3~5) nnd with till' St,u.ymall Winesnp Yllriety. Thus, with the more 
effective wflshing trentmellts til(' residue in grain ppr pound on oil
RprnyC'd lots wns ItS low as or lower tilltll 011 compnmblc lots without 
oil. 
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On the other haud, when no oil was used Lhe omission of bOl'(leaux 
(lime) (sprny 3) from the late COVl'l' sprays did not significan tly incl'ense 
the lead residues at lllU";rcst, but as n. lower prl.'ccntage of the originn.l 
residue was removed, the residues on such lots wen' appreciably higher 
after wl1shing than thl'Y were on ('ompn.rn,ble lots (sPI'flY 1) in which 
bo!'(kaux wus used thl'Ou~llOut, The omission of bOl'deaux from late 
cOVl'I' sprays of lend arsenn.te and oil (spray 4) not only incl'cnsecl the 
residul's at harvest but n.lso ],Nlltced the 1)(,I'crntng-r rcmovnl when 
\\"l1sh(l(l, IHLl'ticularly on tlH' YOI'k Impel'inlltpples, so that I'l'sid ups nftl'l' 
,,'nshing Wl're much highl'l' with this lypl' of spl'n~~ tl'l'ntml'nt thall they 
were with n.ny of thr oth('I'S, This typr of sprny tl'pulnH'nt is more 
common in till' Pneifie XOl'thw('st. '['he higher I'('sidues with til(' sanl(' 
lllllllbpl' of sprn~Ts in thr Pneific Northwest u.nd the gl'l'atl'l.' difliculty 
in l'emovnJ compared with the' (,N1II'nl and C'nslC'l'n l'C'ginns hn,vp bel'n 
n'ul'ibull'd to gl'('ntN "'Nlthf'l'ing Iw('nuse of I'flinfnll in thl' centrnlllnd 
eastC'I'n I'l'gions, Th('se I'(,Sltlts indicatp Ihnt th(' difl'('I'C'nces mlLy be dlte 
mthel' to the ciifl'pl'l'nc(' ill tht' type' of spray program genel'fllIy used in 
the differl'nt regions, sinC'(' minfnll nppnl'enUy hns YPI'Y litth' w('nthel'ing 
l'f1'l'ct, whel'l'ns typt' of spl'n~' tr'l'H tnH'n I flUL:,>' hn.Y(' n. gl'P:l! erl'('ct. 

RELATION OF W",\SIIING THEAnmNTS TO LEAD-HmmlVE RElIOVAL 

INFLt:ENCE OF Acrn CONCr;;NTltATION 

Lots fl'om th(' difl'('I'pnt SpI'lly tl'C'ntm('nts on Staymtln 'Yilwsnp ill 
1936 "-('1'(' \;'n.!>h('d with O,!) [lC'I'('('nt Hel nt l'Oom t('rnp(~l'Iltul'C' in a 
flotl1tion machine (fi~, 2 nnd tllb1P 3, wnshing trpn.tnwnt B-1), 
Aft('1' this 1'C'In.tivply simplC' wnshing tr'pnlnwnt nn :WC'l'IIgl' of 27,2 
1)(,I'Cf'nt of the' originnl I'c'siduC' I'pnHLin('d, Thc washing tl'l'atInl'nt 
l'('dut'C'd the rpsidu(' 011 th(' npph,s fl'om all of till' spmy tl'eutmcnts to 
lIppl'f'cinbl:,>T bC'lm\' th(' pI'C'sent Ic'nd tolC'I'nnce of 0,05 of n. gl'11in per pound 
of fruit. This P(,I'('('lItngl' of I'('sidu(' f'('I1l11inillg is in fnidy (']os(' ngrl'c
IIwnf with till' l1.VCl'llgC' of 31.51)('1'('('111 obtnilwd ill ] 934 but cOllsicif'l'Ilbly 
10wl'1' thn.n thl' 4n PC'I'cC'nt n.Vl'rng(' I'l'pol'tl'd for H):3!) (6,1),29), 

WIH'Il thl' llppl('s WNl' wnshed wilh 1,5 Pl'I'C('lIt acid (B-2) instend of 
0.5 P(,I'C'('nt neiel (B-1) th('I'(' WI1S 28.2 P(,I'('('lIt I('ss I'('sidur remaining 
thn.n wll('n th('y W<'l'l' wnshl'd wilh lhl' W('f1kl'I' solution. Similnl' 
bl'nl'fits of 37.5 illld 30,5 ,,'('I'l' J'l'portC'd (6, p, g9) fOl'tll(' 103,t llnd 1935 
s('nsons, I'CSI)('di\Tcl,Y. 

INFLUE1\"CE OF TE)II'EIIATUIIE OF W·\SIIING SOLUTlO1\" 

Vllrious lol!> of nppl('s W('I'(, wnsll('(1 ,,"ith I.[) pPIT('nt llel with the 
wllshing solulion at room t<~l1Ip(,I'allll'(' (GO° 10 70 0 Ii',) lind nt 100°, ill 
n. flotation wnslH'1' fol' no s('C'ollds (11'('n.tnH'nts B-2 nnd B-3), in a flood 
wnsh('I' fol' 35 s('('onds (tl'C'H.Lnwnts (;-1 nnd 0-2), in :1 flood-brush 
Wllshcl' fol' 35 s('('onds (ll'('ntments D-I nnd D-2) , and \\'ith an IIcid 
wctting~ngenL solution in 11. flolntion lllnchinc fOl'60 seconds (tt'l'ltt~ 
ment.s 13-4 nnd B·-5). In 34 comparisons with acid alone ill n, flotation 
machine thcre wns an n;'l(,l'I1gc of 28.4 pel'cl'nt of thl' originnl rl'sidue 
l'l'mnining aftel' wnsbing n.t room tl'llllWl'atul'e (B-2) nnd 20 perccnt 
nJtcl' \\'lIshing at 100° (B-3), Thus the pl'l'centage I'esidu{' wns 14.5 
pel~c('nt 10wN when till' 11Ppks WCI'P wnsh(,d with th(' hen.tl'd solution, 
The bl'nefH fl'olll h(,llting ,,'as consid('I'ably gl'eat('1' with nn ncid wet~ 
ting~tl(T('nt solution in n. flotation mnC'hin(' (B-4 VPI'SUS 13-5) than with 
acid arone.'Phis comparison WilS possiblp only with Stnymnn ""'inpsnp 
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in H)3G, when tho bC'lIefit from henJing t.ho acid wetling-Il~C'nt, solution 
(B-4 versus 13-5) fl.Yt'I'ngcd 22,6 pC'rcent, as compared \\,Ith only 12,3 
pl'I'e('1l t for CoIIIpnru.blr.lots wi til acid niOlH' (B-2 versus B-3), These 
resuits nre in ngrCel1H.'nt with those for the two previous sensons (6, 
p, 21), ill which nn nvemgc benefit of 26,3 percent was found from 
IWltting n.cid wettillg-ngent solutions comptu'ed with II. bendit of 12,8 
prl'cent from healillg n~l acid soluUon, 

'VillI ]8 nnd 20 eompuJ'isons them WfiS fill nvernge benefit from 
hrnJing lIlI n<.'id solution of 21.3 percent in II. flood wfisher (C-1 versus 
('2) lind 22,6 pel'('(,l1t in It flood-brush maehine (D--l \Te!.'sus D-2) , 
Tht' IH'lwfi t from Ill'n.ti ng lin Ilcid sol u Lion wns n,ppnJ'(,11 tly gren leI' i 11 

flood (II' flood-brush mllehill('S than in flotn.tion mnchillPs, in whieh the 
b('IIl,Ht from IlPnlin~wn.sollly14,51)('r('.('!tI,hul tllP lots 1\'('r('l1ot l'lltirely 
('ompnrn.ble with t.hose used in the flood nnd flood-brush Illflehilles, 

COMI'AHISON OJ' l'YI']!;S 01' WASlll:-1G?lUCIlINES 

For 1110Rl of til(' wilshing trl'll.tmpllts n. f1otntion-Lyp(' mnchinc wns 
tlsl'd, btl t ('('I'(iI ill lott:i W('1'(' gin'll vnl'ioHs wilshing tl'Nt.tnwn ts in flood 
Hnd f1ood-b!'ush 111n('hil1(,s, Rom(' of thrsp trPlltnH'nts W('!'(, similfll' to 
tho,,<, tiSI'd ill the f1(1tn.tion-L~Yp(' wflshPl' (,XCl'pt thn.L til(' til1l1' (If ('xposm'l' 
to tlh' wHshillg solution WIIS short('l: than in till' flotnlioll mnehine, 

] II I n:Hi lh(~ pPI'('('nLng-l' of tI\(' I'('sidu('s l'l'mn.ining- n,vPI'ngl'C1 22 per
('('1\1 I()\\'!'!' with Rtilymnll 'VilH'sn.p and 17 1)(,I'('ent 10\\-('1' with York 
I llqwl'in I ",!It'll wnslwd ill il flood (C-I H.Ttel 0,·2) inst('nd of in II flotation 
fllflehiJt(' eB ~2 and B·:~), Tn 19:3/ this difl'('I'('!lCC (B-2 Y('I'SllS 0--1) 
n\'N:1f!NI H.bout 48 and ::l2 1)(,I'('nnt fol' Rtn.,Ylllnn \ViIH'sap n.nd York 
lllllwriat l'l'sp('cliv(,ly, Thp most ('(r('(~tivp wn"hing t.l'(·u'(m('nt fo!' !I 

flotnlioll Illnehil1£' c'onsistNI of n, l1£'n.tNI ncid w('Uing--llgpnt solution 
(B 5), a.nd t1H' mORt ('ll't,cti\'(' n.nd prn.cticul tl'l'alnwnt in flooel-type 
mnchilH's eOllsistNI of n. hNdpd neid solution to whieh n. wl'y light 
rnilll'!'fd oil (yis('osily fI,hout 50 Sn.ybolL st'('onds) \\'IIS nd(kd (C-4 n;nd 
J) ..n, It is of iIlIN('st, UH'l'pfOl'(" to ('ompnl'(, Litps(' tr'pn.tm('llts in tbt' 
Inut'him's to which Lllt'Y !I1't' ndn.ptl'd, In 19:36 thl' IH'lttN[ Heid-oil 
com hi Ill) t ion in n f1ood-hI'URh mn('hill(, (D--4) wns eOllsillc'l'nhly mol'c 
pll'<'etin' thnn till' IwntNI lleid w('ttin~-i\g<'llt combinn.tioll (I3-:j) in a 
notntioll Innchil.H' (fig, 2), 110\\'1'\,('1', ill 19:37 thl'l'(, W!lS no Sig-lli(jcn.n~ 
dill'(,I'('II('(' Iwl\\'o(\ll til(' Ilcid-oil ('omhinntion in 11, flood (0-4) 01' flood
hl'w,h (D4) mfleltilU' lind lite Heid wetting-ng('nt solution (B-5) in 
t1H' flolntioll ml1rltilH' (fig, :3), 

Sln.,nwlll Willl'Snp uppl/.'s in 19;3{) lW('l'ng('(\ ];3 P('I'c('nt \('ss l'('siclul' 
",IH'lt \\':\slH'd in II, f1ood-hrush inst(,ILd of in n. flood mnchinl', Howevel', 
01('.1'(' WIIS nO Rigllifiell.nt; difl'('I'('lI('1' lwt,w('('n the mnehilH's in 1937, 
\\'hm l)()lh Sinymnll "iil1l'snp nnd York Imperin.1 n.ppks WPI'(1 used, 

'l'h(. r('stills nrC' in gerH'I'Il.] ag-I'(,C'llwnt with LhosC' of Hough (10), who 
Sf:l kd lhn.t. tllt'I'(' ",us no pl'nctiell\ dill'l'l'l'lle{' ill ('flieit'lley of th<' three 
lypl's of wilslH'I's wlH'11 wnshill~ fnli I LIIll t ('nl'l'ied 1'('si<lups not, l'specinHy 
dillieu]t to I't.'movl', Inrt thnt tlH' f1ood-hrush mneitirH' WflS more ('{rcc
tin' for lend-oil-sprll,Yl'd IIpP\('S, 

Stn.ymn.\1 Wilwsnp nppks in 1!13G wpre wnslwd \\tth the acid solu tion 
Itt, room t<'IllIWl'I\.tUI'l' nlld ll,LIOO° F, both with (8-4 and B-5) and 
wi thou II (B~2 and 13··3) tite add iLion of 1 p('rC{'n t of t1 wetting itgent 
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(Vntsol), The results in table 3 and figure 2 show that when the 
wetting ngent wns uSNl the percentage of residue n.ftl'l' wlIshing nver
aged 30,5 percent 10\\'('1' than when no wetting ngt'nt was ul"rd, As 
reported previously (6, p, 23), th(, addition of thC' wl'lling agoIlt to the 
Rcid solution incrcased its offectivenl'ss for all types of spm)' tl'eatmen ts 
used and n,t all tc-mpern.tllr(1s of the wash solution, Howl'vrl', in 
Ilgroement with til{'. (>Il,dil'l' I'{'stllts (6,1>, 23), j,Jl(> wotting Ilgcnt was 
moJ'l' ofl'pctivl' in hrntod solutions (13-5 v('rsus 13--3) than ill cold 
solutions (13-4 v('rslls B-2) alld with oil-spmyed thn,n with lloll-oil
sprnyed lots, lind WIIS h·ss drl'etivt' with lots in whieh tho bOl'Cll'aux 
(limp) WitS omit.tl'd from t,bl' Inte cOV('1' sprn.,Ys, Thes(1 1'('stIlls lU'C in 
gpnl'I'n.l ngn'(,I11cnl. with thosl' of Schl'n.dc'1' l1.nd Halle I' (17) in which 
ndd i tionnl wctting agcII (,S WPI'C used, 

'Yith York Impprin,l n.lle! Dl'lieiolls nppl('s tIll' w('Lting agent was 
IIsl'(l onl,\" in \t(,lLt('d acid solutions in ] 936, 1'111' J'('sidll(' perc('ntn.g('s 
1'1'I11ninin~ IIft!'1' washing W(,I'I' a9 and 41 pcrc('nt 10w(>1' on York Im
p('rinl and Dclieious, l'pslw('\:in'I,Y, whell the I1cid w('tting-ngmt solu
tion eB-5) wns uspd thn,n whpn lwid nlol](' (13·-:3) WflS lls('d, Thl' 
n'spons(' to til(' Wl'ttillg ngl'llt was much groll, LeI' wlwn thl' n.ppIPs 
\\'('1'(' from oil-sprH.)rN[ lots than from 1l011-oil-sprn,)'l'd lol,s. "Tith 
YOl'k.Impt'l'inl wllslwd nt Ilill'V(,S\ U\(' n,yl'rn~(' lwndit wns 2.5 l)(>rcellL 
with non-oil-spl'Il,YNI loIs, whl'I'('I1S it wns 51 perC(111t with oil-spl'n.Yl'll 
lots, 'l'1\(' ('('SPOilSI' \Vns :1,]so ~l'eil,L(>I' w!ll'll ttl(' appks WPI'(, l'ipl'lll'll 
bl'fol'c. wlLshillg' (54 pprCC'llt bPlldit) lhnn wl1m t1wy W('I'(' wnslwd 
imnwdintl'ly nft!'l' hnl'n'st (4] Pl'I'C'('llt IWlldit), 

,Yhell ollly 0,25 pel'('cn t of n. w('tling ngen t Wl1S added to It f1ood
lYPl' wllsher (U'l'lttnll'uL C··3) 01' to n, flood-brllsh ma('hine (treatllwnt 
])-3) it Cllus('d eOllsid(>rn,bll' fonll1in~ thnt wns difIieult to control 
with D(, Oms Ilntifonming :1g'pnt. This acid w('lling ng('J1\ ('ombincd 
with tlll' nntifonming ngPll\ wns 110 mon' l'f1't'divl' than ncid nlOlH' (0-2 
lind D-2) whl'l1 used in fI hN\.tl'd solll I ion wi th StnYlllilll 'Winesap 
illld York lllllWl'ill1 npp!t's in 1937 (tabli's () nnd 7), 

During 1I11' 1937 senson th(' wetting IIgent wns used in thl'- lloln.
lion-typl' mnehino onl~y i.1I hCiLlpd ncid solution (B~5)J unci ncid nlonc 
wns llSt'd only at 1'00111 Ll'lI1 pernlul'l' (13..2), TIlt' nv('rngl' IWlH'fi t 
fro1l! both ILPn ling thl' solution nnt! neld ing th(' w('tting H.gell t (£-5 
'.'l'['SllS B· 2) ilY('l'ngpd 53 PCI'C(,ll L fol' all lols in 1937 ullcl 52 pNcen L 
for those' in \9:3H, 'l'hl's(' l'('slllts Ilre ill good ngl'epl1l('nt with the 51 
lind ·1:3 1)('I'C('11 l reported (6, p. 24) fol' the 1935 nnd 1934 sensons, 
l'espC'ct ivl'ly, Thp 11 g'I'P('Il1l' II t is pn,l"liclllarly good, since the spraying 
alld ('('rlaill otl\(~r tl'entml'lILs, such ns dl'lflY before wnshing, difJ't'l'ed 
considerably in till' dill'(>l'(llll 81.'nS0118, and these fnelol's hnye been 
shown to influence till' l'l'SPOllS(I to wdUng ngenls. 

EFFECT OF Al)I)ITION OF MINEH·\1. OIl. TO ,\ClD WASIIlNG SOI,l'TION 

The nddilion of n \'('1',)' li~hl rninprnl oil hns bN'lI found to incl'cnse 
thp efJ'l'ctin'IH'S8 of hl'lltecl neid wnsbing solutions ill flood-type 
wushers on lLpp\(18 g'I'OWll ill the Pncific Northwest (18), This (n'n\:
ll1('nt «('-4 and D4) WlIS used in £lood 01' flood-brush mnchines with 
cerlnin of the'st' lots of nppl('s (figs, 2 nnd 3 and tllbles 3, 4, 6: nnd 7), 
The results wi (II 1\1 incl'fll oil hn\'{' noL b('ell eonsistel1 t. In 1936 
StaYllllHI 1Vill(>sn P II pph's (In bl(' 3) clll'l'il'd 32 Pl'l'C('ltt less I'l'sidllc 
when oil was ndded to the ncid solution (D·4) thull when the acid 
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• was used alone (D-2) m a flood-brush machine. Limited results 
with York Imperial in 1936 (tnble 4) indicnted IW. averuge benefit 
of 39 percent, which, however, occurred only in the oil-sprnyed lot. 
On the other hand, in 1937, the use of oil in the washing solution did 
not significantly influence residue l'emovnl from either Staymnn 
'Winesap or York Impcriu.! npples when wnshed lTl ei ther n flood or 
a flood-brush mltchine. Results for 1935 indicated n benefit from 
oil in the washing solution only when the Itpples were sprayed with 
oil emulsion (6, p. 24). 

RELATION OF WASIIlNG TnEATlIlENTS TO KEEPING QUALITY OF APPLES 

• 

The York Imperial variety is rather subject to cracking or checking 
of the skill of the fruit while still on the trce. This g!'Owth checking 
is very similar to hent injUl'y f!'Om heated washing solutions, except 
that when it docs not occllr too nenr to harvest the growth cracks 
mn)' be healed o\'el·. In the 19:36 senson considerable injury of this 
kind occllrred ncar hurycst on York lmpcrinl apples grown ncar 
Huncock, .Md. A stuely wns mnde with these apples to determine 
whcthN the checking WitS incronsod. by wllshing and whether washing 
incrcnscd tleclIY 01' shriy('ling in apples with growth ehecks. 

A lot of apples wns sorted into three clnsscs according to degree of 
chocking, alld snmples of each clnss were wllsh('d liS indicated in table 14. 
As WilS to bc expected, the loss in weight during storage and the extent 
of shriveling increased ·with iucreilsed sen~rity of checking. The 
amollnt of .decny wus 1I1so much grcn.ter in npples with severe check
ing, but there was no consistent differ'cnce between apples with slight 
to medium checking nlld those with no cheekillg. The washing 
treatmen ts hud no Ilppnren t effect On til(' SCY('l'ity of shriveling or the 
amount of <Iecny in these lots, lind it did not significantly nffect the 
firmness of the apples. 

TAIII,~, 14.-' Relalion oj w(lshing 11,·ith acid (l.7lI1 with .~odiulII sii1"c(lie to the shriveling 
allli kl'e7Jillg quality oj }'ork Imperial apples slored at 32° /,'. from Oct. 24, 1936, 
to Jlay i7, 1037 

• 
NoL Washed: .1Vumbrr ;, 


Nont.' .. ,.", . "~.,,,~ .. ~~ ... ~ ....... ~ ... _" ISS . 

Slight to mcdium .....•••••••••••. ,_. ~4.1 i 

Sl'vi'ro. . " ........... + ....... ~"'~ .. "~ tbH 


Wllshed with II CII 
XOl1e~ -~~" .. ~ .. _.. _~~ ........ _.. ~ .. ~w _ 
 104 :l.O ;.:1 l~light to mcdlum... . ._............ 

.. 

. :!So 14.3 4.9 15.3
S..·verc. , . ~ ~ .............. ~ ... 1:1:1 !l3.2 
 HI. 5 JW"shcd with sodium slllclltl' I 

NOl1c~.". ._. ~ ~ ~_ "' ............ __ .....~. 13!1 
 02.8 .1.0 2.2
Slight to mcdlulll .. _... _ .• _.......... 3.:15.:1 I·
250 62.8 34.8 2.4 14.4Se\·l·rc ... ~ .. ~ .. ~. ~ ~ ~ ....... ,. .. " ~ .... ~", .. _._~ ~~~ ... 148 !I.S 7.·1 i .;.1. 4 }
IS.2 

, Washed with I.r. I'ert~'nt II CI + I qUllrt of Arc'skl'~ wcUing IIg~nL to 100 gil lions + D~ Oms IIntifollm lit 
100· F. for 30 SI'(~)lJ(ls in tloml·typ,· w!lsher. 

J Wasbed wllh sodium silieutu UO pounds to 100 glulous 1I1ll0· F. for 20 seoonds In tlood.type washer. 

• 
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Data on the effect of temperature of the washing solution on he!1t 
injury and keeping quality of York Imperial apples are presented in 
table 15. It hns been reported (13) that sodium silicnte solutions cnll 
be used at higher tempe1'l1tures thnn Mid solutions without injury to 
the fruitj consequently the tempe1'l1tures of the sodium silicate solu
tion used extend somewhat higher than those of the acid wetti.ng-agent 
solution. At the inspection of the applos Oll February 5 the results 
did not show any marked difference 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 at the lowest tem
pern.ture used (100 0 for 30 seconds) tllere was apparently aJ~ iw::refLse 
1Il the nmollnt of skin checking as compared with the unwashed lot. 
,yith the acid wettillg-ngent solution there was n gradual increase ill 
the il.mount of checkmg with increased temperature. On the other 
hn.nd, when the apples were washed witl) sodium silic!tte solution 
there WI1S no nppll1'ent increase in checking with incl'ell,sed temporn ture 
exccpt at the highest temperature (125°). Those York Imperial 
apples after being held at 32 0 until1V!ay 27, considerably beyond their 
main marketing period, were then post-ripened for 1 week at 70°. 
Se.ycrc- decny developed in allloLs, but it was not consistently greater 
in wnshcd than in unwashed lots. Nor was there any consis'tent rela
tion bct.ween the temperature or type of the wasbing solutions and the 
per('entn.ge of the apples with decay n,nd scald. Although the washed 
lots wer~ all less firm (as indicated by pressure test) thllll the Ull

washrd lots, the differences are of questionable significance and of no 
practicn.l value, as aU lots ,vore sufficiently firm for marketing purposes. 

'}',\111,];) J5.-Rrlat.-ion of washing so]'-ut-iOllS and temperatures to keeping qllaZ1:ty of 
York hnpcrial a7Jpies slared at 82° P. frol/l Oct. 27, 1.936, 10 Feb. 5, 1937, and 
Jray 27, 19S7, alld post-ripened at 700 until June 8, 1937 

Condition Feb. 5, 1937 Condition Juna 3, 1037I~ I = 
I 

'¢ 

~= I .~] I'" I:l.S ~ Co -goo:: 0_ E 
-
~ 

W!\Shln\: ~oilll 1011 ......... -- d~ C) :: 


t-= " g.~ 'C"2 t: .' ~ .!o! ~ ~.g g 
- )1 ~ ';:I ~ ~._ 1 :.-. ~ g ~ ~ ';) ~ t :::;e SSg tl: t € o.g g ~ "f: C3 I ~ 
i::. ~ ~ 6 Bill i 0 ~ Q ~ &3 ~ t t 

'-~ J~-I-;:--;:;TI~-;;;-;:: Pcl~ Pet. Pct. Pcl"'-;;;~-;: 
No",', - '" ,\ 1;17 31~{·.{)G I ~·II .. ~~ 0 0 2·1.8 71.6 3.6 0 0 10.0 
nCI+wl'ttlnl(llgl'rlt l 100 j I~·I v 0 .8 21.0 75.0 4.0 0 0 '''_0 

Do 105 f 120 1.1.51 82. -t 0 3. I :lO.O 52.3 7.9 0 .8 15. I 
Do 110 i 137 !:l.S X5.D .7 0 20.5 75.0 3.0 0 I 0 __ .. 
Do_ 115, taO Ui 01.7 3.8 0 23.8 j OS.5 6.9 .81 0 15.0 

SO<liumsilktll~t 110 I 1:;2 11.0 i 02.6 .7 .7 10.7 \ 71.2 5.3 a.s I0 
Do - .. -"-'" 11511.15 ISO:S:l18~?_"'!! 2.8 Q 12.-1 fl 71/,3 5.5 2.8 0 15.2
Do -_ ...... ,_ •• _".. 120 1-15 . I ' 7.·1 1.,1 25.5 OS. 3 2. i 4.1 0 
Do.__ " ...... / 12ii l:ll ;l.7 7!).3 ],\.1 2.9 n.0 81.5 0 0.0 0 --I:j:O ______________~f~~__~____ 

I 1.0 pcrC<'nt II CI+wetting ngcnL (I qunr! to 100 gallons)+suflicicn! antifoam to contr!)l tho foam. Ex. 
pOsllr~ 10 wllsh solution ror 30 seconds in /Iood-type washer (old solution used I day, commercial run). 

'll. W. SOI!iIlIll uilien!e (95 pounds to l(ll) gnllons)+sonp n~ pOllnd to 100 gallons)+light mineral oil (I
gallon to 100 gnllons). Exposuri,' to washing solution rOi' 30 seconds In flood-typo w!\Sher (fresh solution). 

Additiolln.l studies on the relation of washing treatments to keeping 
q lIality of York Imperinl and Staymnn 'Winesap apples wore made in 
1937, mId the l'csults nrc presented in tables 16 and 17. The York 
Imperial apples (table 16) were held beyond their main marketing 
seaSOll but showed very little decay when removed from 32° F. storage. 
How(lver, the dect\y developed rapidiy at room. tempen\.ture, so thn.t 
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REMOVAL OF SPHAY RESIDUES FROM APPLES 

Ilbout 57 to 87 percent of the fruit was decayed after 2 weeks of post
ripening. There was no consistent relationship between the Ilmount 
of decay in w11shed and unwashed lots or between lots washed at the 
difrerent tempemtures. In the flood-brush machine there was some 
indication that stomge scald increased with the temperature of the 
acid wo.shing solution but decreo.sed with the temperature of the 
acid-oil combination. The percentage of scald was also high when the 
apples were washed with o.n o.cid solution only, at room temperature, 
in the flotation machine. The loss of weight in these apples during 
storage and post-ripenin~ (table 16) was not large and apparently did 
not differ consistently With the various washing treatments. The loss 
in unwnshed fruit avemged slightly less than ill the wnshed lots, o.nd 
the loss was somewhat greo.ter in the lots wo.shed with acid o.nd oil 
thnn ill those wnshed with acid alone. These differences might have 
been nccentuated ho.d the fruit been stored under conditions more 
fo.yomble for moisture loss. Under such conditions Marshall et 0.1. 

(12) found thnt the addition of minel'lll oil to 0. hydrochloric acid wash
ing solution resulted in a substantial increase in moisture loss. The 
ripeness of the apples as indicated by pressure test did not differ 
signifirllntly muong these lots. 

Rcsults with similo.r washing treatments on Stayman Winesap 
apples 1\,1'e shown in table 17. The various waslling treatments did 
not have Ilny apPIl,rent influence on the development of decay" or the 
loss in weiglit of these apples. Nor was there any consistent dlfference 
in scald development except possibly a reduction in scaM when the 
Ilpplcs were wl1shed with heated solutions at the highrr temperatures 
used, particularly when oil was added to the acid solution. This 
relationship was il1clicll,tedby the York Imperial apples also. The 
wnshing treatments hlld no effect on the ripeness of the apples as 
indicat,ed by pressure test. 

DISCUSSION 

At the time these investigations were conducted the regulatory 
tolerances for lelld Ilnd arsenious oxide (AS20 3) were 0.018 and 0.010 
of a grnin pel' pound of fruit. Thus the ratio of lelld to arsenious 
oxide in the tolemllces (1.8) was lower than the ratio in the lead 
arsenate spray mllteritll (2.1). It was assumed that this ratio in the 
sprlly residue deposit remained the Sll.llle as in the original spray 
materilll, both at hnl'vest and after washing with hydrochloric acid 
or sodium silicate solutions. If this were so, then any washing treat
ment. t1mt efl'ectiycly removed the lead to below its tolerance would 
also be rfl'ective for the arsenic. For this reason lead only was de
termined in these experiments, since it seemed more important and 
could be determined more accurately. More recently (August 1940) 
the Federal lelld tolerance was raised to 0.050 of a grai;u per pound 
and the 111'senic tolerance to 0.025 of 0. grain of AS20 3 per pound of 
apples or peal'S, so that the ratio of lead to arsenic in the tolerance 
was slightly less than this ratio in the spray material. (See discussion 
of rn,tio of lond to 1\.I·senic on pp. 2 to 4.) 

VIl,!·ietll.l di(Ycl'enc('s in the retention of residue have been reported. 
These hl1Y(~ bN'11 bascd gCllcrnlly on the apples representing the 
I\,vt'rllgc size fol' the Yll,rietics. Practically the smallest size packed 
must meet the tokrnnce, and rcgulatory samples usulllly consist of 
the sll1ll11cst size apples. On this basis the size of apples in the samples 



• • • • 

TABLE 16.-Relation of washing treatments to 	ktleping quality oj York Imperial apple.~ stored at 82° F. jromOct. 29,1987, to Apr. 16, 1988, 
and then post-ripened at 70° until Apr. 29, 1.938 ~ 

-----,--
Washing treatment Condition on indi""ted dates ~ ----I-----;----------	 Pressure

Total ,----[---------  test 
rrenl- apples in T,oss in weight Sound Decayed Scalded 2 

Solution 1 'Time JX'rn· ClTnclJine samples ------.--- ... --- ------- 1____ ~ 
ture 	 ______IApr. 15 I·\pr~-'~I ,\pr. ~~_J:~'::.~_i~~~_~_!~~~j Apr. 29 Apr. 29 ~ 

Second. 0 P. I XlLlfIbe~ Perce-TIt Pcrc;,n~ Percen~ IPerce.nt IPercent r Persent I Pereetl! Perc,,!,! Pound. l:!j
Not washed ______________ ------.--- ________________ •_____________ ._____ 14, I. 6 _. / 93. / 2'.5 0 06.6 6.3 11.11 14.8 

Do•• -..-.------.---- -- ________ .._..________• ________ ....__ ..__ .___ 1&1 1.8 3.1 93.5 3.2! 0 74.1 6.5 22.7 15.6 
HCL_..... _________..._. 60 65 Flotation. _ • __________.. 127 1.9 3.8 74.S 2.4, 1.6 87.4 23.6 10.2 15.3 

Do ____............... 60 lOa i.....do .......... ____ ..____ 147 1. 8 3.7 93.9 13.6 2. a 69.4 4. I 17.0 15.1 ~ 
Do. ___..__ .... __ .... 30 I l00! Flood-brush..___........ __ l53 1.7 3.2 92.2 8.6 .6 78.3 7.2 13.1 15.4 

HCI+oiL. __...__ ..______ 30 100 ____.do __ ............. __... 142 2.0 4.1 86.7 9.4 35 78.4 9.8 12.2 14.8 

HeL., .....__________ .__ 30 110I-----dO-- •• -.------.......- 1:?3 1.8 3.2 85.0 Q.7 .6 ~1.1 14.4 12.2 1~.2 ~ 


00iigl+~~~~~::::::::::·::::1 ~g; gg :::::gg:::::::::::::::::::: i5~ U ~:~ ~:~ It~ 2:g rlJ 2U ~J ~5:~ t>:> 
HCI+oiL • - - - -.. ~O : 120 I-----do .....------....--... l(la I 2.4 3.6 , 96.3 24.5 3.1 57. i .6 17.8 15.0 J¥' 

1 Hel at 1.5 percent. Oil at 1 gallon per 100 gallons. ~ , Packed without oiled paper. 
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HEMOVAL OF SPHAY HESIDUES FHOM APPLES 29 

TABLE 17.-Relation ol wash,:n" treatments to keeping quaUty ol Stay man Winesap 
apples slored at 82° F.lrom Oct. 10, 1987, to Jan. 8, 1988, and then post-ripened 
at. 7"0° 'Until Jan. 10, 1938 

I 
Condition !!In. 10. 1938 

otu\'1' !nppl('s 
III Loss Pres·ScaldsalU- S 'd \ Dc·I in sure 

I pies ~ oun cuyed cd'weight te~t 

---. - 
Nllml}t~r Percellt Pcrce.ni Percent PeretTIt Po/wd. 

.:"'onl',. __ _ ., -~ - IIi 1.0 83.S 0.8 15.4 11.3 

.. , 95 20 80.3 0 13. i 11.1 


11(11)~..:.::.00 ----'05' ~;loti;ti(ll;.~~~:: -_ .. 119 1.9 88.9 2.0 O. I 11.3 
11.1\)0. .... 60 I{)I.).. .do.......- ....... 95 t. i i9.0 t.O 20.0 


1.0 6.1 11.:1 


nCI+oiL..... ao lOll .. do 

Do ....... 30 1(10 ~'Io()d hrush __ _.- ..- 96 I. i 92.9 


98 1.; !I:l.O 0 i.O ILl 
, .. Jl2 1.5~ 93.2 0 6.8 t 11,6

HC'L ..... __ I :10 I IHI ,10 
91 2.2 \ 96. i 1.1 2.2 t 11.0 

I 
.--URt-oII 

.-:: ~g 1 i~~' :l~ .. ~ _. Sli t~1 
100.0 0 o ! 11. 5 

1'1('1 0,'1 '.10 ] I·.v, (\0. .., .. 102 !HI.l 2.9 1.01 11.3 
~. __._,._•.2-__.2__.'" . I1 

, IlCI= 1.51,erccnl; oil. I gallon t.o 100 gllllons. 

, Packed w thalll oiled pllper. 


from difl'<.'l"l'llt varieties probably would not vary grea.tly, even though 
the aN('rngr size would. In comparing varieties, therefore, it would 
seem dl'sil'Uble to bns(' tIl(' compn.rison on apples of the same size. 
On t.his bnsis, npples 01' the York 1m perini variety retained less resid lie 
at harvest LImn did Staymall \Vil1('sap and Delicious, whereas on the 
basis of the Iwrrnge size the York Imperial Itpples retained more 
r('sidue.

The results emphnsize thr intcrrC'iu.tion of u. llumb('r of factors, 
such us varidy, St'ILSOI1, spnw trclttments, mn,turity tUld ripcl1l'sS of 
th(' fruit, and type of washing tn'atment in the removal of lead spray 
residues. For example, varieties mlty respond differently to spray 
treatments; the usc of mineral oil emulsion in the coyer spmys 
increased the rrsidue on Delicious to n. greater extent than on certain 
other varil'ties. Furthermor(', the effcctivNless of a wushing trea.t
ment may vnry with the condition of the fruit and the type of spmy 
treatmrllt Itpplied. TIlt' addition of a wetting agent to an acid 
washing solution, for exa.n1ph', increase(~ the effectiveness of the 
solution to u. great.er t'xtent with riper fruit and with fruit that was 
sprnyed \\rith oil l'l11ulsioll than with ul1l"ipf' fr:uit. 01· fruit not 
spmyed with oil l'lllulsioll. 

SUMMARY AND CONCLUSIONS 

Several varieties of apples were given different spmy trentments 
during two seasons. Pickings were made at different 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 effect of the treatments on storage quality. 

The variation in lead residues among tree replications was less 
than reported previously (5) and was due largely to differences in the 
size of the apples. For each I-percent increase in weight per apple 
there wus an average decrease in residue of about, 0.8 percent, both 
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before nnd nftcr wnshing, on replicate lots, York Imperial nppl('s 
nvel"llg('(1 much small('r than Stnymnn \Yirwsllp apples, nnd bccn,lIsC' • 
of their smnll size the'), gnNc highl'r residu(' ynhlC's at harycst, \Vit,h 
applcs of ('q un.) size' th('r'(' w('r(' lower r('sid \1(' ntlucs on Yot'k Imp('r'iul 
thnn on Stn;ymlUI \Vinpsnp and Dpliciolls Ilnd lo\\'cr on \Vincsap than 
on Stnymnll \Yiupsn.p, 


Aft('r wllshing, Yor'k Iml>t'rilll IlpplN; I"('(ailwd n, gl'(>:l(Pl" IWI'('en(.ngt' 

of th(' original r('siduC' thnn Stllymnn WilH'snp, D('lieiolls, 01' Will('sap, 

Ilnd Slnymllll \Vill('snp /'('tuin('d sOIlll'whn i mol'(' Ihnn \\TilH'SIlP, 


Growth of (h(' apple's nlld w('nUI('rillg appurPlltly had \'PIT liltl(' 

('ffpet on thp r('(llI('tion of I'csidu(' dtll'ing thc hflIT('St IH'riod. 80m!' 

p\'idelH'p is PI'('S(,II INI thu t ilid i('Il(es that l':1i II full hns IiWe tl'nd

(,llC,\' to wush til(' I'csidt((, from th(' nppl('S, purti('uluriy dlll'ing tht' 

hnrns!. p('riod. 

1'1H' P(']'('CII!.llg(' of tht' residue' 1'('ll\ov('d by wusltillg WIIS not uf)'<'('u,d 
by (It'lnv in t Itl' hilrvpsl illg of StlLyrnnn "'illt'sap npp!t's but wns 
rc<iu('('(i' by d('ln~v in (h(' hnIT('st:ing of York Imp('I'inl appl('s. 

'I'h(' g('Il(,I'ill t'f)'r'ct of ddu)r lwtW('(,1l hnlTl'st nnd wnshing was to 
incrPllsl' the' diflinlily of I'csidllP 1'('1110VII.I hut nll'ipd with Sl'IlSOn, 
Yllridy. spl'llY (1'('n.lnH'nt, wlishing 11·('n.t.llwnt.. t(·Il1IWI':I.ttll'l' at witieh • 
tbl' applc's \\'('I'l' hl'ld dUl'ing tilt' dl'IIIY Iwriod, and h'ngth of the d('IIL~~ 
p('('iod. 'I'll(' wnxy ('oaling Oil YOl'k [lI1p('t'inlnppl(,s tl'nds 10 l)(l('orn(' 
gn':lS~' dUl'ing l'ip('nillg, IJ.lld the' pf)'('d of <I<'la.\· (l'ip0Iling) on I'('siciup 
rl'rnovlIJ WIIS !!/'('II 1('1' ill York 1.1J11H'l'iu.1 t hnn in S tn.,Y1I1 III I \\Till('Snp 
npph's. 'I'll(' diflil'ulty of I'('sidl!(' I'PIl10,·tt.! WflS in('I'('ns('d 1I1()1'(1 by 
ddny \\'I1I'n Ih(' II ppl(,s \\'('1'(' SPI':l,~'('d \\"i Ih minPl'nl oil ('Ill ulsion in th{' 
Into ('on'(' Spl'flys Llmll \\"h(,11 no oil (lll1ulsioll \\':IS uS<'d. possibly bp
enllSl' of a stimulating <,11'(,(,( of oil Spl'H.\'S on Wil.X d.·\"ploPlIlPllt <lul'ing 
ripl'ning, Tilt' (,()'f'et of (/('111,,)' was iPss wh(,11 n. W('ttillg ng('n t 01' tI<'tPI'
gen t {lint \\'Olrl(/ b.'lId to I'l'mo\'(' SOIll(, of the \\'n),.'y ('oating WIlS us('(1 
in the' wnsbing solutioll. .A <I('IIIY of I \\'('C'k nl :~2° Ii'. did Ilot inc'I'(,IlSl' 
the diHi('ulty of !'('sidul' remo\':d. 

Th(' Ilddj'tio~1 of milll'l'ni oil ('1111rlsioll to til(' s<,('olld-bl'ood ('0\"('(' 

spm,"S of 1C'!ld IIl'Sl'lIlltc' and bOI'(I('n,ux mixtur~ inC'I'('iIS('(1 til<' l'('sidul' 
nt hn,rv('st, !l('l1l'ly 50 IWI'eellt. HOW('Yl'I', (.hc pl'l'ec'ntttg<' of til(' original 
l~esidu(' 1'('1110\,('(1 by till' washing t,'patnH'lIts was gl'('a.t('1' ill til(' lots 
sprn.y<'d with lI1in(:nll oil ('muls'ion, so tlml wilh 'til(' mOl'c l'fl\,etiv{l 
washing tl'('ll,tnH'llt.s (ll('u,(.('d acid wl'tt;ing-ngent solutions) thl' rpsidll(' • 
rpmnining 011 oil-spl'a,n'd 10Ls nJtpl.' washing wus ns low ns or 10wI'r 
than thll,! 011 Iloll-oil-sprll.,nd lots. 

The ndditioll of millond oil ('mllision 1,0 first-brood CO,'pr SPI'll,,\'s did 
not siguifi('llntl,,~ inCI'('HS(' till' I'('si<illl' nt, hn.I'v('sL 01' its 1'(,IllOYal. 

TIll' omission of hOI'lI(,lwx mixtul'(' (2-4-100) from th(' s<'cond
brood eOvol' sprays of h'ne! tl.rst'nn,t(' did not signifien,lItl.\' increase tlIP 
residu(' at, bllIT('sL but, did inen'l1sl' thl' diflicuity of rl'sidu(' I'Clllovn.l, 
so thll,t, II considNnbly heavil'I' l'psidu(' l'l'mairl('cl after wilshing. Th(' 
omission of bOl'{lellux mixLtll'(' from second-brood Spl'ltys of \('nd nl'sl'n
Ilte Ilnd mineral oil l'lIllrision groll,tly incl'('nsed tito lend residue at 
hnryest Ilnd l'('(luc('d the perc('ntnge of rcsidu(' l'(.'Ulo,ced by wllshing, 
so that thc l'esidul's after wlishillg w('re much higher with this type 
of sprn.y trentmcut than wlwn mineral oil emulsion WfiS us('d with 
bordeaux 01' when bordel1ux WIlS used without oil emulsion, 

Sixty different lots of npples I'epr('s{'n ting difl'('r('11 t varieties Ilnd 
spray trentments luwe been washed with 0.5 perc('nt HOI in It flotil.
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REMO\CAL OF SPRAY RESIDUES FROM APPLES 

tion machine with an exposure of 1 miImte to the acid at room krll 

p('ratme. The ll1('iUl pprcpntllg'e of the original residue J'elll(l,ini",! 
during three sellsons (1934, 1935, Il,nd 1936) wns 83.(i± 1.2 (stnndill'd 
error) . 

Illcrensing the acid concentl'fllion to L5 Pf'l'C'('l1t r('stLiled in 1l·11 

llYemge b(lll{'fit or additionnl 1'I.'I110Yni of ahollt 32 P(lI'C{'II!: of the 
r{'sidue pres{'nt n,ft{'r wllshing with tll(' w{'(lIu' l' concentrn.tion, leaving 
a r{'sidue of about, 28 l)('rC('nt of tl1(l original residu(' (unwl1sh{'d). 

Heating til(' 1.5 1)(11'('(111 t l1eid solu Lion t.o 100° F. res \I Ited ill nearly 
15 pel'c{'11 t grentC'I' (lfl'('div('ness nnd ldt 11· l't'siduC' of n.boll t 20 percell t 
of th{' originlll rl'siC\up. A much grel1t{'1' belwfit from h('t1.tillg was 
obtnined with H solution of Ilcid Ilnd wPLtil1!! agpJll than with acid 
alone. ' , 

HNlting 1111 Heid solutioll to 100° F. in H flood or flood-brush 
mHchill(, I't'sult('(l in fl, considprl1 hly grt'l1t('1' \)t'n{'fit thl1n ill 11 flotation 
Illllcilin{'. 

"~itb tilt' snme Hcid concelltrn,tion Il, flood ml1c·hilll' with I1n l'xpOSlH'e 
of 35 spconds WI1S C'onsidernb1y more ('{r('etin~ than 11 f1otlltioll ma
chine with nn exposul'l' of 6'0 sceonds. \Yith tht' most efl't'ctiYe 
washing tl'(,l1ll11l'nl: fOI' euch t.~~I)(' of ml1ehine tiH'l'(' wel'(' no vel'~T In.rg(l 
or consistent difl'en'l1C'(ls in ill(' ('fl'(lC'livl'nl'ss of the di£l'eren t types of 
rnuciJines, XOI' "'us thel'(' !lny Inl'gl' 01' eonsist('nt difl'(,I'enc(I bc,tween 
flood flnd f1ood-bmsh ml1C'hinc's. 

Tn a f1olnlion 11111('hin(' thl' addition of 1 pel'('('nt of n ,,"l'tling agent 
to tht' 	l1('id solution g:r'l'utly inel'el1s(ld the ('fl'eetiY(,I1l'ss of thl' wush 
for all types of Spl'n~' tl'l'l1,tn1(lnts find fol' 1111 \'urietips of apples. 

The \\,('ttil1~ 1l~(,llt wns 1110l'e (l(l'l'cti\'e in hrntNI solutions thun in 
('old solulion~. \\:ith oil-spl'IlYN] than with nOIl-oil-spl'l1yed lots. Ilnd 
with bonknux-spl'lI,YNI thun with non-bol'druux-spmYN! lots. 

111 11 f1ood-typl' 11111C'hil1(1 till' addition of n. wptting ugt'nt, itt the 
coneentl'nlioll possibl!' unci "'ith an I1ntifofllll !lg('nt, did not incr('use 
the (l(1'('et i\'t'IH'SS of thl' \\-nshing: tl'('Il[I11(111 t. 

The nddilion of iI light miucI':11 oil to h(IHted H('id solutions in 
I1ood-typt' mndrinl's hHS'gCll(1I':dly inc'I'(,lls(ld the l'e1110vI11 of h'l1d fl'0111 
thl' npples wh('n oill'lIlulsion wus \IsNI in the eovel' Spl'l1Y but hns not 
b(l('n eOllsistf'lltly ('(I'N·ti\-(I when oil f'111ulsiol1 ,,'ns not uSl'd in til(' 
spl'l1ys.

\\-l1shillf!: U'PllllIH'n IS using h(,H tl'd solutions did not il1(~n·I1.s(' t1w 
Illl10unt of spoilugl' in YOl'k~ IllllJPl'inl unci StllYI11UI1 \rinesnp npples 
dul'in~ S(01'tl~('. .\150, 511('h wllshing tl'('lltmpnts did IIOt nfl'(I('t Lho 
firmnc·ss of tlH' fl'uil 01' nppn'('inbly i'1l(,I'I'IlSP th(' wilting:. 

UTEIlATCRE CITED 

(I\ ELI,g:-'WOOI), C. "-., MOlllllS, \'. 1-1., and SII,l'Im, E. A. 
I1l37. HE~IO\',\I, 01' Sl'ltAY IU}5I1)Ug FH()~I\I'I'I.I>;;, Ohio Agr. gxpt. Sta. 

Hnl. 5H·I, ·10 pp., illus. 
(2) F.H(}~Y, .JAcK E., and H.l'SK, IL\llOLD 'V, 

I1l;3\), 1'08;;1111,1-} (,IIAXG~;5 1:-' nNt'lO OF LEAl) TO AIlSgXlOn, OXII>E IX LEAD 
AIlSE:-'A't'I, IlE8JDl'~:S ON' APH!>!', .lour. ECOIl. Em. 32: 319-322. 

(3) FHEAH, DoxA!.!) E. 11., and WOIl'l'IILf;Y, 1-1. X. 
I1l35, S1'('DY OF 'J'It~; 1l~~)IOVAL OF 51'IIA Y HESlI>l'ES FnO~1 APPLES. Jour 

Agr. Res. 51: 61-7,1. 
(4) ----" and WOI!'I'IILgy, H. X. 

11l37. 	 DgPOSI'I'10:-' AXD Hf:1'EX1'IOX (W 1S1'HA Y5 0:-' APPLES. Pa. Agr. Expt. 
Stn. Bul. 344, 32 pp., illus . 



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

(5) HALI,EU, M. H., CASSIL, C. C., and GOUl,Il, EDWIN. 
1937. 	 VARIAJlILI'rY IN LEAD UE&IDUES ON API'I,E&. Jour. EeOIl. Ellt. 30: 

174-179. 
(6) "' -	 -_.- CAssn" C. C., MUnRAY, C. 'V., /tnd other&. •

1938. nE~IOVAL O~' r,~JAD SI'RA Y RBSIDUES ~'I!O~I AI'I'L}JS GI!OWN IN 'l'HE 

&1H:NANDOA/I-CU.\lnEIlI"INIl VALLBY. U. S. Dept. Agr. Tech. 

Bul. 622, 32 I>p., iIlus. 


171 "AIl'l'l\~:J'I', ALIlEH'l', ILlld 'VII.COXON, FILINK. 

H128. ANALn;ES OF SI'II,I Y]om AI'I'I,ES }'Oll ],EAD .1]\'1) ARSENIC. ,Jollr. Eeon. 


";/1(,21: 125--130, ilIw;.

(8) 	 ~hlAI.D, F. D., j\\BI,I,Bn, ,I. H., llnd OVfJlU,B\', ft', L. 


1928••IIISBNI(',\I, RI'HA Y IU;SlI>fJE AND I'l'S IlE'\IOVAL ~'nOM APPI,BS AND 

I'EMlil. Wash. Agr. Expt. Sla. 13111. 226. 


(Ul 1I0tT GII, W.s. 

193·1. 	 EXI'~:Rn;N('BR IN IIE~IOVAI. OF ·IIISf;NI("II, .>'ND LEAD SI'UAY HBRrDUES. 

Ohio Stak Hort. Soc. Proe. (i7: 10·1-109. 

1936. ill'RA \. ImSIDUJoJS ANI> ~I'!IElIt ]iB~IOI'Au 1-'110,\1 APPLES. Ya. Agr. Expt. 

Stll. Bul. 302, 20 pp., iIluR. . 


(Ill 1\kI ~:AN, HAHRY C., llnd \\BUBIl, AI,IlBR'1' L. 

H)34. INr'I,l'rJX('J~ Or' RPIlAY S(,II~}J)[!I,B ASI> O'I'lmn l'ACTORS ON SPRAY 


IIr:SII>t'l~ HlnHH·,\],. ,lour. Eeoll. Ent. 27: l6S-17U. 

(12) 1\I,IIISIIAI,L, Roy Eo, (hBIILI~Y, F. L., IIIId GHOVES, KEIl.\ll 'I'. 

193(1. Tim Jml"I,'J'ION 01' II'MnllSG 'IH~)A'I'~nJNTS 'l'O srHSEQUEX'l' LOSSHS OF 
,IIOIS'I'tnUJ FnO~1 A 1'1'1,gs. Wnsh. A~r. Expt. Sta. Bill. 330, 28 pp.,
ilius. 


(h'rJtll;~n'! Ii'. I.., i-h'. ,JOIIS, ,J, L., OVI,ItllOI,Sgn, E. L., HIH.! UltOn:s, KrJIDII'I'. 

1\)33. 1,1'-1 f) ASf) AIIRgXI(' spn.1 \. IIgSIl)l'l~ I!tJ~IOV,II, In!()~1 "PPI,!':S. "'ash. 
 • 

AgT. Expt. HIll. Hul. 2Sfi, sa pp., iIIus. 
1111 PtJ.IIIO: (1. \Y., IIIId A"I~NS, A. ,,'. 

19as. 'l'IIg I!A'I'IO 01' I.g,l D '1'0 ,\WmSIC 1:-1 SPItAl' ItBSII)el-J;:; 1'110,\1 I,EAD 
AIUH;:-IA'I'~;. ,IOlII', 1';{·0I1. Ent. 31.: 5!).\·597.

liijl Pli)N'J'7.~}HJ "-. T. 
193·1. HB.\IOI'''L Ot' I.1'lAD AND AIISgSf(' SPIIA \. IU:SIIH'I'l I'HO~I SI':I\' YOIlK 

Al'l'],m;. X. Y. «('orIl('Il) AgT. ExpL Htn. Bul. (l0·1, 27 pp., illus. 
(l6) H()BIN~()X, H.. H., alld HA'I'('Il, 1\1. B. 

1033. 'I'llI': l!1':~1()\·AI. 01' l~g,\D ,INI> ,\IISl':SI{' SPRAY Hl':SlI)\'ES I"ROM AI'I'I,r:S 
AKDI'l-JAHS. Ort'~, Agr. Expt. ::ila. !luI. 317,15 pp.

! 171 H('IlHADgn, A. Lt;JoJ, nIld !'!'II,I,lm, l\L H. 
1930. A ('O~I\'A!trSON OJ' WET'l']NG ,IGtJS'I'S IX APpr,t] \\·ASHING. Amer. 

Soc. II or!. Sci.Proc. (193S) 3(;: 24a-246. 
:-;.IIITIl, EDWIN, RY,ILI" A. LI,()YI), .\11'I!I!AY, C. W., lWei ('ASSIDY, ,JOIlX. 

1l)3.,). TIlt: I:Sr] 0 .... LOW 1'lfWOSI'I'Y ~IINI,R,\l, OII.f; IS SI'IIA Y IItJSIDl'B COX
'1'1101,. 'Yash. Htntt' Hort. A~~o('. Proc. 31: 157-159. 

(l91 ,,'I':ln:ll, AI,IIl':HT I.., l\l('LEAX, ILIHHY C., DHlGGtJl!S, BYHLEY F., 11m) 
O'XmLI., "'II.I.IA~1 .1. 

1!l37. rNFI.t·r~N('g (H' IlWI"I,IIl,N'I' ~IA'I'BHIALS ox C(H'm!A(;B AXD ADIIESI\'E
Xt;ss (n' SI'II,I n; ,lSI) 'l'1I1'llll 1,I'n;("!' 01\' ImI'IIlJ1t: n~;~I()"AI. FHO~I 
AI'I'I,}:S. X. ,I. Agr. EXpL Stll. Bill. HZ7, I(j pp. 

(20) \\'f('IDIASN, H. ,I., i\1l'llIlAY, C. 'V., HAHRIR, l\L, [Lnd othpI';;. •
l03·1. ~ltJTII()IlR l'Ol! f)1~'I'I~H~IINA'I'[(lX OF I.B.\I> IN l'OODS. As;.;oc. Otf. AgT.

CheIll. ,lollI'. 17: lOR 1:35, ill II:';. 

II. S GQV[RNMtNJ PRltfT!tlG OfFtel> 194:: 

• 




• 



