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MANEB

EXPLANATION

Maneb was first evaluated in 1967. The MRLs for dithiocarbamates, including Umaneb, were
consolidated into a combined list in 1977.

Maneb was scheduled for re-evaluation in 1993 in the CCPR periodic review
programme.

The Meeting was provided with information on use patterns, supervised residue trials,
fate of residues and miscellaneous studies by the manufacturer. GAP information was
provided by Canada, Germany and Spain.

IDENTITY

ISO common name: Maneb
Chemical name:

IUPAC Manganese ethylenebis(dithiocarbamate)

CA [1,2-ethanediylbis(carbamodithioato)(2-)]Jmanganese
CAS No: 12427-38-2
CIPAC No: CIPAC-61
Synonyms:
Empirical formula: CaHeMnNN2Sa

Structural formula:

[-MNSC(:S)NHCH2CH2NHC(:S)S-]x

Molecular weight per monomer unit: 265.3
Physical and chemical properties

Physical state: greenish yellow powder with a characteristic odour.
Vapour pressure: negligible at 25°C.

Solubility: insoluble in water and most organic solvents.
Melting point: decomposes at approximately 198°C before melting.
Bulk density: 450 kg/m3

USE PATTERN

Maneb is effective against a broad spectrum of fungi and fungal plant diseases. It is
registered in many countries for use on agricultural and horticultural crops. The Meeting was
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aware of the registered uses summarized in Table 1.

Table 1. Registered uses of maneb.

CRCP COUNTRY APPLI CATI ON PH ,
days
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Max Rate per Spray concn.
no. applic. kg ai/hl
kg ai/ha
Al nonds USA 4 5.4-7.2 0.14-0.19 145
Appl e France 0.16
Appl e Ger many 3 0.24 1 0.016
Appl e Net her | ands ; 0.16
0.08 56
Appl e USA 4 154 1 0.14
7 227 % 0.072 77
Apri cot Canada 2 7.2 2.0
Aspar agus Net her | ands 2.4-3.2
Banana Spai n 1.6 8
Banana USA 10 1.8-2.7 0
Bar | ey UK 2 1.6
Beans France 2.0 21
Beans Net her | ands 3.2
Beans Spai n 0.2 8
Beans (dry) USA 6 1.3-1.8 30
Berries Net her | ands 2 0.28 15
Broccol i USA 6 1.3-1.8 7
Brussel s sprouts USA 6 1.3-1.8 7
Cabbage Canada 1.8 7
Cabbage USA 6 1.3-1.8 7
Carrots Canada 0.9-2.6 5
Carrots Cer many 3 0.11 35
Caul i f| ower USA 6 1.3-1.8 7
Cel eri ac Cer many 3 0.09 28
Cel ery Canada 0.9-2.6 14
Cel ery France 1.6
Cel ery Spai n 0.2-0.3 8
Cherries France 0.16
Chi nese cabbage (tight USA 1.3-1.8 7
head)
Chi nese cabbage (| oose USA 0.9-1.3 7
head)
Cranberry USA 3 4.3-5.4 30
Cucunber Canada 0.9-2.6 14
Cucunber USA 8 1.3-1.8 5
Egg pl ant USA 7 1.3-1.8 5
Endi ve Canada 1.8 7
Endi ve USA 6 1.3-1.8 10
Fi gs, kadota USA 1 2.7 0.072 10
Garlic France 1.6 15
G apes, Wi ne France 0.28 0.28
G apes, Wi ne Italy 0.16-0. 32
G apes Spai n 4 1 0.2 15
G apes USA 6 1.3-3.6 0.036-0.1 66
Hops Cer many 2 0. 018-0. 036
Hops Spai n 0.2 15
Kal e USA 2 1.3-1.8 10
Kohl r abi USA 6 1.3-1.8 7
Lettuce Canada 1.8 7
Lettuce France 1.6 45
Lettuce UK 5 1.6 21
Lettuce (head and | eaf) USA 6 1.3-1.8 10
Mai ze Spai n 0.2 8
Mel ons France 2.0 3
Mel ons Spai n 0.2-0.4 8
Mel ons (honeydew, USA 8 0.9-1.8 5
cant al oupe)
Oni on Canada 0.9-2.6 10
Oni on Net her | ands 1.6 28
Oni on Spai n 0.2-0.3 8
Onion (dry bul b) USA 10 1.8-2.7 7
Oni on (green) USA 7 2.7 7
Oni on USA 2.7 furrow
drench
Papaya USA 14 1.8-2.2 0. 05- 0. 06 0
Peach Canada 2 7.2 2.0
Pepper s USA 6 1.3-2.7 7
Pl uns France 0.16
Pore fruits Ger many 3 0.24 1 0.016
Popcorn USA 15 1.3 7
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CROP COUNTRY APPLI CATI ON PHI,

days

Max Rate per Spray concn.
no. applic. kg ai/hl
kg ai/ha

Pot at o Canada 0.9-1.8 1
Pot at o France 1.6
Pot at o Cer many 4 0.96-1.4 7
Pot at o Net her | ands 3 1.6
Pot at o Spai n 4 2 0.2 15
Pot at o UK 8 1.4 7
Pot at o USA 7 1.3-1.8 3, 14
Punpki ns USA 8 1.3-1.8 5
Red pepper Spai n 0.2-0.3 8
Strawberry Spai n 4 of 3 0.2 15
Sugar beet Canada 1.8 14
Sugar beet Spai n 4 0.6 0.2 15
Sugar beet USA 7 1.3-1.8 14
Summer squash USA 8 1.3-1.8 5
Sweet corn USA 15 1.3 7
Tomat o Canada 1.8-2.6 7
Tomat o France 2 15
Tomat o Cer many 4 1.4-2.9 14
Tomat o Italy 1.6-3.2 28
Tomat o Spai n 0.2-0.3 8
Tomat o Net her | ands 0.08-0. 16
Tomat o UK 5 1.8 7

g2
Tormat o USA 7 gf* 1.3-2.7 5
Tree fruit Spai n 4 3 0.2 15
Veget abl es Spai n 4 of 3 0.2 15
Wat er nel on USA 8 0.9-1.8 5
Wheat France 3.2
Wheat Net her | ands 2 1.6 28
Wheat WK 2 1.6
W nter squash USA 8 1.3-1.8 5

1 2 3 4

pre- bl ossom gf: glasshouse and field use. g: glasshouse

use.

post - bl ossom ext ended application.

RESIDUES RESULTING FROM SUPERVISED TRIALS

Maneb and ETU (et hyl enet hi ourea) residue data from supervised maneb trials
on horticultural and agricultural crops are sunmarized in Tables 2 to 17.

Table 2 Appl es. Net herl ands, USA

Table 3 Peaches. USA

Table 4. Gapes. USA

Table 5. Onions. Netherlands, USA

Table 6. Brassica vegetables. USA

Table 7 Cucurbits, USA.

Table 8 Leafy vegetabl es. Canada, USA.
9

Table 9. Beans. USA

Table 10. Fruiting vegetabl es. Canada, Netherl ands, USA.

Table 11. Root and tuber vegetables. Netherlands, UK, USA

Tabl e 12. Cel ery. Canada, USA

Tabl e 13. Cereal grains. Netherlands, UK, USA.

Tabl e 14. Al nonds. USA

Tabl e 15. Cereal straw and fodder. Netherlands, UK, USA

Tabl e 16. Bean vi nes. USA

Tabl e 17. M scell aneous fodder commodities (al nond hulls, sugar beet tops).
USA.

Most supervised residue trials were fully or adequately described
Resi dues reported in the Tables are not adjusted for anal ytical recoveries.
Anal ytical recoveries were nostly high (>80% for dithiocarbamates, and
were generally acceptable (>70% for ETU, so using adjusted or unadjusted
results should not influence the interpretations. Attention is drawn to
cases where recoveries were |less than 70%
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Di thi ocarbanmate residues are expressed as ng CS,/ kg throughout the
Tabl es and text. EBDC is used as t he abbrevi ati on for
et hyl enebi s(di t hi ocarbanmates) in the Tabl es.

Where residues were not detected, results are recorded in the Tables
as less than the Iimt of determination (LOD), e.g. <0.1 ng/kg. Residues
have generally been rounded to 2 significant figures or, near the LOQ to 1
significant figure. \Wen residues were detected in control sanples they are
recorded in the Tables. In the najority of cases no residues were detected
in control sanples and are not recorded.

In apple trials in The Netherlands 5 trees constituetd a plot.
I ndi vidual ETU recoveries in sonme trials were as low as 62-65% but the
nmean was accept abl e.

Barley plot sizes were 20-25 nf in The Netherlands. Weat plot sizes
varied from25 nf to 1 ha. ETU recoveries from barley and wheat grain were
often in the 60-70%range. Barley straw and wheat straw caused difficulties
in the deternmination of ETU with sone recoveries recorded as | ow as 22-35%

Potato plots were 20-25 nf in supervised trials in The Netherlands.
ETU recoveries from potatoes were nmarginally low Plot sizes in the
gl asshouse tomato trials were 3.5 nf and ETU recoveries were again
marginally low. Sone onion trials in_The Netherlands were on 20 nf piots
and sonme plots were as small as 3.3 nf. Analytical recoveries of ETU from
oni ons were margi nal .

Maneb was applied to celery, lettuce and tomatoes in the Canadi an
trials with a tractor-nounted sprayer. Plot sizes were the equival ent of
40- 130 m of row.

In the US trials wherever aerial spraying was used the mni num pl ot
size was 0.1 ha. Helicopter and fixed-wing aircraft were used to apply
maneb in conparison trials on some commodities.

Plot sizes in US trials where maneb was applied by portable or ground
equi pment were usually 10 nf minimum and nostly larger. For al nonds and
appl es, plot size was 2-4 trees, with 4 replications.

Anal ytical recoveries of dithiocarbamates in the US trials were
al nrost always quite good. Problens were experienced with bean vines
(recoveries 59-104%, lettuce (62-116%, sweet corn (62-107%, sweet corn
forage (42-105%, and waternelons (60-80% . Analytical recoveries of ETU
were generally satisfactory; |ow ETU recoveries occurred in the anal ysis of
bean vines (recoveries 58-93%, celery (30-84% nmean 65%, grapes (56-84%
nmean 74%, lettuce (58-86%, sugar beet tops (61-84%, sweet corn forage
(26-85% nmean 58%, sweet corn (64-84%, and tomatoes (59-92% . ETU
residues were not determined in alnond hulls because of the analytical
difficulties.

CS, was evolved from control sanples of onions (Table 5), and
broccoli and cabbage (Table 6) during the dithiocarbamate nethod of
anal ysis. Residues up to 0.5 ng/kg were recorded for onions, up to 0.55
ng/ kg for broccoli and up to 0.59 ng/kg for cabbage. These results are
conparable to residues reported in onions and broccoli (Pennwalt studies
BR- 88- 15 and BR-89-09).

Bul b onions (Pennwalt study BR-88-15) and broccoli (Pennwalt study
BR-89-09 and Rohm and Haas data) were shown to contain endogenous CS, or
conpounds which produced CS, in the dithiocarbamate analytical nethod.
Twel ve sanples of bulb onions (10 varieties, 10 sites in the USA),
certified to be untreated with dithi ocarbamates, on analysis contained CS;
resi dues rangi ng from undetectable (<0.03 ng/kg) to 0.13 ng/kg, nedian 0.05
ng/ kg, while eight sanples of broccoli (6 varieties, 6 sites in the USA)
certified to be untreated w th dithiocarbamates showed CS, residues rangi ng
fromundetectable (<0.01 ng/kg) to 0.79 ny/ kg, median 0.32 ng/kg.

Kallio and Sal orinne (1990) reported carbon disul phide as one of the



706 maneb
27 volatile conpounds identified in the headspace anal ysis of onions.

Di thi ocarbamate levels (as CS;) in control kale and spinach sanples
fromthe USA (Table 8) ranged up to 0.57 ng/kg and 0.40 ng/ kg respectively,
and in control bean vines (Table 16) up to 1.8 ny/kg.

US trials on cabbages (Table 6) included analyses of trimed and
untrimred sanples, i.e. with and without inclusion of wapper |eaves.
Di thi ocarbanmate residue levels in trimed sanples were, on average, about
70% of those in untrimed sanples, but there was w de vari ati on.

Renoval of wapper Ileaves from lettuce (Table 8) substantially
reduced dithi ocarbamate residue |evels.

Di t hi ocarbamat e residues in washed spinach (Table 8) were about 25%
l ower than in unwashed spi nach, but with considerable variation.

Table 2. Maneb residues (as CS;) in apples from supervised trials in The
Net her |l ands and t he USA.

Country, year Application Resi dues, ng/ kg
(Variety) Day Ref .
Form kg kg ai/hl No. EBDC as CS; ETU
ai / ha
Net her | ands, 1984 WP 0.12-0.16 10 49(0. 10, <0.01 <0.002 (2) PH8410
(Gol den Del i ci ous) SC 0.12-0. 16 10 49(0.03, 0.11 0. 0036, <0.002
SC 0.12-0. 16 10 49(<0.01 (2) <0.002 (2)
Net her | ands, 1984 WP 0.12-0.16 9 58]<0. 01, 0.22 <0.002 (2) PH8411
(Col den Deli ci ous) SC 0.12-0. 16 9 58(<0.01 (2) <0.002 (2)
SC 0.12-0. 16 9 58(<0. 01, 0.87 <0.002 (2)
Net her | ands, 1985 W [1.2-1.6 9 81[0.55, <0.01 0.008, 0.011 PHB510
(Gol den Del i ci ous) SC (1.2-1.6 9 81(<0.01 (2) 0.039, 0.014
SC (1.2-1.6 9 81(<0.01 (2) 0. 009, 0.037
Net her | ands, 1985 W [1.2-1.6 10 85(<0. 01 (2) 0. 020, 0.032 PHB512
(Col den Deli ci ous) SC [1.2-1.6 10 85(<0.01 (2) 0.009, <0.002
SC (1.2-1.6 10 85(<0. 01, 0.02 <0.002, 0.056
Net her | ands, 1986 W [1.2-1.6 7 88[<0. 01, 0.09 <0.002 (2) PHB610
(Col den Deli ci ous) SC |1.2-1.6 7 88(<0.01 (2) <0.002 (2)
SC [1.2-1.6 7|  88|<0.01 (2) <0.002 (2)
SC |1.2-1.6 7|  88[<0.01 (2) <0. 002 (2)
Net her | ands, 1987 W [1.2-1.6 8 79(0.10, 0.08 <0.002 (2) PHB711
(Gol den Del i ci ous) SC (1.2-1.6 8 79(0.12, 0.10 0. 0028, 0.002
SC (1.2-1.6 8 79(<0. 02, 0.17 0. 002, 0.0033
Net her | ands, 1987 W [1.2-1.6 10 81[0. 04, 0.10 <0.002, 0.012 PHB712
(Col den Deli ci ous) SC |1.2-1.6 10 81(<0.02 (2) <0. 002, 0.0091
SC (1.2-1.6 10 81[<0.02 (2) 0. 0036, 0.0077
Net her | ands, 1988 W [1.2-1.6 9 7110.14, 0.06 <0. 001, 0.003 PHB845
(Gol den Del i ci ous) SC (1.2-1.6 9 7110.14, 0.24 0. 006, 0.004
W [1.2-1.6 9| 71]<0.05 (2) 0.004 (2)
Net her | ands, 1988 W [1.2-1.6 9 >63]0.45, 0.39 0. 007, 0.006 PHB847
(Gol den Del i ci ous) SC (1.2-1.6 9| >63]0.34, 0.31 0. 004, 0.005
W5 |1.2-1.6 9| >63]0.36, 0.48 0. 007, 0.006
USA (CA), 1988 SC (5.0 0.61 10 2113.0, 2.9, 5.6, 7.9 ]0.082, 0.075 (2), 10A- 88
(Newt on' Pi ppi n) 30(5.4, 4.7, 4.1, 3.5 |0.058
0.11, 0.038, 0.088,
0. 058
USA (CA), 1988 SC (5.0 0.75 10 2110.96, 0.68, 1.6, 0.014, 0.01, <0.01 10B- 88
(Newt on Pi ppi n) 30]/0. 64 (2)
1.4, 0.68, 0.61, 1.2(0.018, 0.013, <0.01
(2)
USA (VA), 1988 SC (5.0 1.1 10 21 2.6 0. 025 10C 88
(Col den Del i ci ous) 30 1.6 0. 049
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Table 3. Maneb residues (as CS;) in peaches from supervised trials in
California (USA), 1988. Al WP fornulation and 7.2 kg ai/ha.
\Vari ety Resi dues, ng/ kg
Day Ref .
kg ai/hl No. EBDC as CS, ETU
Fairtines 0.78 4 28|1.6, 0.86, 0.98, 1.1 <0.01(4)| 39A 88
Fairtines 8.0 a 4 28[0. 049, 0.057, 0.045, 0.045 <0.01(4)| 39888
June Gol d) 1.6 5 28[1. 3 0.01] 39C 88
! aerial application
Table 4. Maneb residues (as CS;) in grapes from supervised trials in the
USA. Underlined residues are fromtreatnents according to GAP.
State, year Application Resi dues, ng/ kg
(Variety) Day Ref .
Form| kg kg No. EBDC as CS; ETU
ai /ha|ai/hl
CA, 1987 WP 3.6| 0.77 5 8(3.4, 2.2, 4.2, 5.2 0.02, 0.01, 0.040, 0.02 048
(Gewwrt ztram ner)
CA, 1987 WP 1.3 0.29 3] 30[0.34, 0.26, 0.33, 0.34 <0.01 (4)| o024
(Alicante)
WP 2.7| o0.58 3| 30[0.65, 0.53, 0.94, 0.58 <0.01 (4)| o024
WP 6| 0.77 3|  30[{1.2, 0.90, 0.48, 0.79 <0.01 (4)| o024
CA, 1990 sC 6] 0.4- 66/0.65, 0.80, 0.60, 0.54 [0.01, 0.01, <0.01 (2) 24A- 90
(Thonpson) 0.7
CA, 1990 sC 3.6 7 4 67]0.63, 1.3, 1.0, 1.8 0.01, 0.042, 0.038, 0.033| 24B- 90
(Thonpson Seedl ess)
NY, 1990 sC 3.6| 0.38 4] 66 0.22 <0. 01| 24E-90
( Cat awba)
NY, 1990 sC 3.6| 0.38 4] 66 0.21 <0. 01| 24F-90
(Aur or a)
CA, 1991 sC 3.6| 0.67 4] 66 1.9 <0. 01| 24C 90
( Char donnay)
CA, 1991 sC 3.6| 0.67 4] 66 1.3 <0. 01| 24D 90
(Pinot Noir) -
Table 5. Maneb residues (as CS;) in onions from supervised trials in The
Net herl ands and the USA. Underlined residues are fromtreatnents according
to GAP.
CROP Appl i cation Resi dues, ng/kg T
Country, year Day Ref .
(Variety)
Form| kg kg No. EBDC as CS; ETU
ai /halai/hl
GREEN ONI ON
USA (CA), 1987 WP 1.8 7 7]0.57, 0.43, 1.1, 0.69 |<0.01 (4) 23387
(G een Bunchi ng) c <0.03 c <0.01
USA (FL), 1987 sC 1.8 7 7(0.45, 2.0, 1.4 0.02, 0.06, 0.05 23487
(Tokoyo Bunchi ng) c 0.09 c <0.01
USA (TX), 1987 SC 1.8] 0.48 7 7]6.3, 7.4, 6.3 0.13, 0.14, 0.14 25487
(Wiite Eclipse) c 0.03 c <0.01
USA (AZ), 1989 sC 1.8 7 7(6.9, 6.9, 4.9 0.69, 0.58, 0.41 88137
(Sweet Spani sh) c 50 c <0.01
"BU_B ONI ON
Net her | ands, 1984] WP 2.4] 0.96] 8] 29]0.01 (2) 0.064, 0.002 PHB426
(Junbo) VG 2.4 0.96] 8| 29]0.01 (2) 0.017, 0.002
sc 2.4 0.96| 8| 29]0.01 (2) 0.002 (2)
sc 2.4 0.96| 8| 29]0.01 (2) 0.019, 0.002 (2)
Net her | ands, 1985 WP 2.4 1.2 7 31(<0.01 (2) 0. 007, <0.002 PH8523
(Bal stora) SC 2.4 1.2 7 31(0. 10, <0.01 0. 006, <0.002
Net her | ands, 1985 WP 2.4 1.2 7 26(<0.01 (2) 0. 002, <0.002 PH8524
(Junbo) sC 2.4/ 1.2 7 26(<0.01 (2) <0.002 (2)
"Net herlands, 1986 WP 2.4 1.2 7 42[0. 02 <0. 002 PH8623
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CROP Appl i cation Resi dues, ng/kg T
Country, year Day Ref .
(Variety)
Form| kg kg No. EBDC as CS; ETU
ai /halai/hl
(Balstora) SC 2.4 1.2 7 42[<0. 01 <0. 002
USA (TX), 1988 SC 2.7 1.8 10 0]0. 63 0.03 38A- 88
(Ben Shanon) c 0.10 c <0.01
USA (CA), 1988 SC 2.7 1.1 10 0]0.92, 0.52, 0.69, 0.86 [0.05, 0.05, 0.05, 0.10 38B- 88
(U a) c 0.13 c <0.01
USA (CO, 1988 SC 2.7\ 0.27 10 0]0. 28 0.02 38C- 88
(Wnters) c <0.03 c <0.01
USA (M), 1988 SC 2.7 0.29 10 0]0. 80 0. 05 38D- 88
(Sweet Sandwi ch) c 0.069 c <0.01
USA (NY), 1988 SC 2.7 1.1 10 0]1.1 0.07 38E- 88
(Early Yell ow c <0.03 c <0.01
d obe)
USA (TX), 1988 SC 2.7 5.8[a 10 0]0. 37 0.03 38F- 88
(Ben Shanon) c 0.097 c <0.01
USA(CA), 1988 SC 2.7 2.9(a 10 0]0.57, 0.48, 0.11, 0.080 [0.08, 0.05, 0.04, 0.01 38G- 88
(Yel | ow Bul b) c 0.05 ¢ <0.01
USA (CA), 1988 SC 2.7 1.1 10 0]/0.80, 0.92, 1.8, 0.63 0.06, 0.07, 0.10, 0.04 38H- 88
(U a) c 0.080 c <0.01
USA (OR), 1988 SC 2.7 0.58 10 0]0. 97 0. 06 38! - 88
(Italian Red) c 0.057 c <0.01
USA (OR), 1988 SC 2.7 0.58 10 0]0. 46 0.10 38J-88
(Si nto) c <0.03 c <0.01
USA (I D), 1988 SC 2.7 1.2 10 0]1.2 0.19 38K- 88
(Yel | ow Sweet c <0.03 c <0.01
Spani sh)
USA (OH), 1988 SC 2.7 1.2 10 0]0. 34 0.02 38L-88
(New Hol I and) c <0.03 c <0.01
* ¢: control sanple.
Table 6. Maneb residues (as CS;) in Brassica vegetables from supervised
trials in the USA. Underlined residues are from treatnments according to
GAP.
CROP Application T Resi dues, ng/ kg
State, year Day Ref .
(Variety)
Form kg kg No. EBDC as CS; ETU
ai/ha | ai/hl
BROCCOLI
CA, 1987 WP 1.8 0.48 6 3|4.6, 3.0, 4.5, 3.3 0.15, 0.12, 0.06, 0.09 25187
(DeCi cco) ¢ 0.15, 0.17 c <0.01 (2)
CA, 1989 SC 1.8 1.9 a6 311.7, 1.9, 2.2, 1.4 0.028, 0.042, 0.064, 53A- 89
(Ded cco) c 0.42 0. 032
c <0.01
CA, 1989 SC 1.8 0. 96 a6 4]10.80, 0.46, 0.75, 0.48 0.02, 0.01, 0.02, 0.01 53B- 89
(Mer cedes) c 0.24 c <0.01
FL, 1989 SC 1.8 3.2 a7 3]|1.8 0. 05 53C- 89
(G een Conet) c 0.55 c <0.01
CABBACE
M, 1987 WP 1.8 8 7lu 0.24, 0.19, 0.63 u <0.01 (3) 22587
(Dani sh uc 0.14 uc <0.01
Bal | head) t 0.17, 0.14, 0.097 t <0.01 (3)
tc 0.036 tc <0.01
NY, 1987 SC 1.8 6 7lu 0.49, 0.36, 0.75 u <0.01 (2), 0.01 23287
(King Col e uc 0.27 uc <0.01
Hybr i d) t 0.32, 0.44, 0.38 t <0.01 (3)
tc 0.37 tc <0.01
CA, 1987 WP 1.8 6 7fu 0.73, 0.77, 1.5 u 0. 050, 0.080, 0.090 21587
(Round Dut ch) uc 0.24 uc <0.01
TX, 1987 SC 1.8 7|lu 10, 5.0 u 0.077, 0.043 21987
(Early Round uc 0. 34 uc <0.01
Dut ch) t 1.4, 1.3, 1.1 t 0.02, <0.01, 0.01
tc 0.33
FL, 1987 WP 1.8 7|u 0.41, 0.35, 0.42 u <0.01 (3) 21887
(Abbot & Cobb) uc 0.44 uc <0.01
t 0.80, 0.69, 0.51 t 0.01 (2), <0.01
tc 0.44 tc <0.01
NY, 1989 SC 2.7 5.1 a 21(w 0.76, wo 0.42 w <0.01, wo <0.01 43E- 89
(Bravo) c 0.28 c <0.01
CA, 1989 SC 2.7 1.4 a 20w 0.91, 0.65, 0.61, 0.76|w 0.02, <0.01, 0.02, 43J3-89
(Head Start) wo 0.48, 0.34, 0.60, 0.29(0.02
c 0.31 wo <0.01 (4)
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USA. Underlined residues are fromtreatnents according to GAP.
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CROP Application T Resi dues, ng/ kg
State, year Day Ref .
(Variety)
Form kg kg No. EBDC as CS; ETU
ai/ha | ai/hl
c <0.01
CA, 1989 SC 2.7 6.0 a4 21|wi 0.38, 0.67, 1.7, 0.59 |w 0.01, 0.01, 0.02, 43L-89
( Copenhagen) wo 0.34, 0.44 <0.01
c 0.083 wo <0.01 (2)
c <0.01
TX, 1990 SC 2.7 5.4 a4 21wl 0.77, wo 0.83 w <0.01, wo <0.01 43B- 89
(Baxter 1100) c 0.5 c <0.01
a: aerial application.
c: control sanple; u: untrinmed; t: trinmmed; uc: untrimed control tc: trinmmed control;
W : includes wapper |eaves; wo: w thout wapper |eaves.

in cucurbits fromsupervised trials in the

Tabl e 8. Maneb residues (as CSy)

in

GAP

CROP Appl i cation® Resi dues, ng/kg
State, year Day Ref .
(Variety)
Form kg kg No. EBDC as CS; ETU
ai/ha | ai/hl
CUCUMVBER
M, 1987 WP 1.8 8 5[0. 069, 0.04, 0.080 0. 031, 0.032, 0.039 22687
(Marketnore 76)
NC, 1987 WP 1.8 8 5]<0.03 (3) 0.01, <0.01, 0.01 22787
(Ashl ey)
SC, 1987 SC 1.8 5 5[<0.03 (3) 0.01 (3) 22887
(Dasher 11) —
TX, 1987 SC 1.8 8 5]1.3, 1.2, 0.92 0.04 (3) 25387
(Gal axy)
CA, 1987 WP 1.8 7 5[0.10, 0.11, 0.13, 0.15 0. 055, 0.047, 0.041, 25287
0. 046
[FL, 1987 SC 1.8 8 5[0.75, 0.57, 0.57 0.088, 0.11, 0.065 21787
(Dasher 2)
CA, 1989 SC 1.8 1.9 a 8 5[0. 072, 0.065, 0.046, 0.01, <0.01 (2), 0.01 51A-89
(Bur pl ess) 0.13
CA, 1989 SC 1.8- 1.8-[ a8 5[0.28, 0.50, 0.73, 0.34 0.01, 0.02, 0.029, 0.02 51B- 89
(Ashl ey) 2.2 3.8
[FL, 1989 SC 1.8 3.2 a8 5[<0. 03 0.03 51C 89
(Dasher 11) —
WATERMELON
GA, 1987 SC 1.8] 0.48 8 5[0. 03, <0.03, 0.052 <0.01, 0.01, <0.01 22987
TX, 1987 SC 1.8] 0.48 9 5[0.57, 0.18, 0.21 0.01, 0.01, <0.01 23087
(Charl eston G ay)
CA, 1987 WP 1.8] 0.55 8 5[<0.03 (4) <0.01 (4) 23487
(California Sweet)
CA, 1989 SC 1.8 2.2 a8 5[<0.03 (4) <0.01 (4) 50B- 89
(California Sweet)
[FL, 1989 SC 1.8 3.3 a8 5[0. 19 0.02 50C 89
(Jubi I ant)
CA, 1990 SC 1.8 2.1l a 8 5[0.048, 0.041, <0.03 (2) |[<0.01, 0.01, <0.01 (2) 50A- 89
(Peacock) gm <0. 03 (2)
p 0.046, 0.042
pu <0.03 (2)
a: aerial application.
gm quartered nelon. p: peel. pu: pulp.

in |leafy vegetables from supervised trials
Canada and USA. Underlined residues are from treatnents according to

CROP
Country,
(Var

iety)

year

‘ Application

T

Resi dues,

ny/ kg
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Form kg kg EBDC as CS; ETU
ai /ha | ai/hl
|'EI\D| VE
Canada, 1989 WP 1.8] 0.32 0[9.0 84100761
(G een Curl ed) 1|16
3|20
711.1
10[0.71
14[0.39
KALE
USA (CA), 1987 WP 1.3] 0.69 716.0, 11, 8.1, 4.9 0.13, 0.18, 0.18, 0.080 26687
(Si berian) 10/6.6, 4.9, 6.6, 4.0 0.25, 0.17, 0.10, 0.16
USA (CA), 1987 WP 1.8 0.91 714.9, 13, 3.9, 5.8 0.070, 0.11, 0.10 (2) 26687
(Si berian) 10/4.6, 6.2, 5.8 0. 10, 0.070, 0.080,
¢ 0.14, 0.46, 0.13, 0.14 |0.060
c <0.01 (4)
USA (NJ), 1987 SC 1.3] 0.33 715.0, 8.1, 8.5 0. 14, 0.080, 0.060 26987
(Vat es) 10|7.2, 7.5, 6.6 0.14, 0.13, 0.14
USA (NJ), 1987 SC 1.8 0.45 7114, 12, 13 0.23, 0.080, 0.13 26987
(Vat es) 10|5.3, 14, 28 0.090, 0.10, 0.12
c 0.34, 0.57, 0.23 c <0.01 (3)
USA (TX), 1987 SC 1.8] 0.96 713.0, 2.4, 2.7 0.030, 0.02, 0.02 27187
(Vates Blue Culled c 0.23
Scot ch)
USA (FL), 1988 WP 1.3 0.72 7|11.1, 1.3, 0.92 0.04 (3) 26787
(Curley Blue 10{0.20, 0.41, 0.30 <0.01, 0.01 (2)
Dwar f )
USA (FL), 1988 WP 1.8 0.96 710.92, 0.86, 0.75 0.04, 0.02, 0.03 26787
Curl ey Blue Dwarf) 10]0. 25, 0.35, 0.31 <0.01, 0.01 (2)
¢ 0.080 c <0.01
|'LE|'TUCE
Canada, 1989 WP 1.8 0[6.6 84100761
(1t haca) 1/6.9
3|0. 55
710.39
14|0.05
21|<0. 05
Canada, 1989 WP 1.8 1[39 84100761
(1thaca) 14(0. 24
21|<0. 05
28|<0. 05
35|<0. 05
Canada, 1989 WP 1.8] 0.32 0[24 84100761
(1 eaf |ettuce, 1|12
Grand Rapi ds) 3[12
710. 97
10[0.75
14(0.16
Canada, 1989 WP 1.8] 0.32 0[8.3 84100761
(cos lettuce, 1/4.8
Parris |Island Cos) 3/5.5
7|11
10(0.48
14(0. 32
Canada, 1989 WP 1.8] 0.45 0[8.2 84100761
(cos lettuce, 117.2
Parris |sland) 2(6.6
712.7
9|16
14|0.88
21|0.32
Canada, 1989 WP 1.8] 0.45 0[4.6 84100761
(cos lettuce, 1|5.6
Parris |sland) 2(3.2
7|12
9[0. 50
14(0. 61
21|0.94
Canada, 1989 WP 1.8] 0.45 0[13 84100761
(cos lettuce, 1113
Parris |sland) 2(5.1
713.9
9|2.5
14(1.9
21|19
Canada, 1989 WP 1.8] 0.45 0[19 84100761
(cos lettuce, 1|28
Parris |sland) 3[11
7(8.8
916.1
1416.0
21[3.7
Canada, 1989 WP 0.9 0.23 0[4.4 84100761
(cos lettuce, 114.7
Parris |sland) 3(2. 4
711.6
9|14
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CROP Application © Resi dues, ng/kg
Country, year Day Ref .
(Variety)
Form kg kg No. EBDC as CS; ETU
ai /ha [ ai/hl
212
21|0.94
Canada, 1989 WP 3.6/ 0.90 5 0[26 84100761
(cos lettuce, 1|15
Parris |sland) 3/8.0
716.9
9|4.2
14|5. 2
21|2. 6
USA (CA), 1987 WP 1.8] 0.48 6 10[<0. 03 (4) <0.01 (4) 26587
(Salinas S-1) —
USA (CA), 1987 WP 1.8] 0.48 6 10[<0.03 (3), 0.07 <0.01 (4) 23187
(Van Sel)
USA (CA), 1989 SC 1.8] 0.96] a6 10{w 0.089, 0.21 w <0.01 (2) 46J-89
( Mar que) wo <0.03 (4) wo <0.01 (4)
USA (AZ), 1990 SC 1.8 1.9/ a 6 10w 2.2, 0.12, 2.2, 0.70 |w 0.02, <0.01, 0.02, 46B- 89
(Salinas M) wo 0.094, 0.070, 0.28, <0.01
0.13 wo <0.01 (4)
USA (CA), 1990 SC 1.5- 3.7a6 10w 6.9, 5.8, 5.5, 6.1 w 0.055, 0.097, 0.082, 46L-89
(Enpire) 1.9 wo 0.28, 0.42, 0.74, 0. 063
0.33 wo <0.01 (4)
SPI NACH
USA (NJ), 1987 SC 1.8] 0.45 4 10[7.2, 6.1, 5.8 0.039, 0.02, 0.061 25987
(Sevin R we6.6, 3.9 56 w 0.026, 0.026, 0.032
USA (TN), 1987 SC 1.8] 0.96 5 14]9.4, 6.5, 6.1 0. 054, 0.057, 0.051 26187
c 0.40 c <0.01
wb5.4, 5.3, 4.9 w 0. 046, 0.051, 0.052
cw 0. 20 cw <0. 01
USA (TX), 1987 SC 1.8] 0.96 4 10[2.2, 1.4, 5.3 0.026, 0.02, 0.028 26287
(Di xi e Market) w21, 1.8, 0.99 w 0.031, 0.025, 0.02
USA (CA), 1988 WP 1.8 1.0 4 10[17, 14, 14, 15 0.16, 0.086, 0.15, 0.21 25587
(Viro Flay) c 0.03 c <0.01
w 10, 8.7, 11, 14 w 0.056, 0.094, 0.061,
cw <0. 03 0. 052
c <0.01
USA (AZ), 1988 SC 1.3] 0.52 4 718.0, 8.6, 8.0 0.57, 0.78, 0.98 88136
( Pol ka) 10[6.9, 5.7, 6.9 0.34, 0.21, 0.46
USA (AZ), 1988 SC 1.8 0.70 4 716.9, 16, 13 0.22, 1.4, 0.99 88136
( Pol ka) 10[9.2, 13, 8.6 0.71, 1.1, 0.68

1 a: aerial application.

c: control sanple; w: includes wapper |eaves; wo: without wapper |eaves;
w. washed commodity; cw control sanple of washed commodity.

Table 9. Maneb residues (as CS;) in beans from supervised trials in the
USA.

CROP Application * Resi dues, ng/kg
State, year Day Ref .
(Variety)
Form kg kg No. EBDC as CS; ETU
ai/ha | ai/hl

[DRY BEANS, SNAP BEANS
CA, 1987 WP 1.8] 0.96 6 4]2.0, 2.0 0.02, 0.02 25387
(Snap dry bean) WP 1.8 0.38 6 4(1.9, 1.9 0.02, 0.01
CO, 1987 WP 1.8] 0.96 6 4]10. 04 0.02 20787

WP 1.8/ 0.38 6 4]0. 04 0. 02
M, 1987 WP 1.8] 0.96 6 410.75 0. 049 20887

WP 1.8/ 0.38 6 4]0. 66 0. 036
ND, 1987 WP 1.8 0. 96 6 4]0. 080 <0.01 21087
(Agate Pinto) WP 1.8/ 0.38 6 4]0. 052 <0.01
NE, 1987 WP 1.8] 0.96 6 410.12 0.01 20987
(Great Northern) WP 1.8/ 0.38 6 410. 22 0.01
(CA, 19?9 SC 1.8 1.9] a6 4]0.080, 0.086, 0.11, 0.063[<0.01, 0.01, <0.01 (2) 54A-89

Pinto

CA, 1989 SC 2.7 1.4 a6 4]0.10, 0.30, 0.086, 0.26 [0.02 (4) 54B- 89
(G een Cop)
[FL, 1989 SC 1.8 3.3 a6 410.37 0.03 54C- 89
( For dhook)
CA, 1989 SC 1.8 1.9 a7 410.040, 0.092, 0.063, 0.02, 0.057, 0.042, 52A- 89
(Bl ue Lake) 0. 046 0. 026
CA, 1989 SC 1.8 2.3 a7 413.9, 4.4, 3.3, 3.4 0.38, 0.78, 0.32, 0.29 52B- 89
(G een Cop)
[FL, 1989 SC 1.8 3.2 a7 410.017 0.01 52C- 89
(Tri unph)
SUCCULENT BEANS
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CROP Application © Resi dues, ng/kg
State, year Day Ref .
(Variety)
Form kg kg No. EBDC as CS; ETU
ai/ha | ai/hl
[NY, 1987 W 1.8 7 410. 092, 0.069, 0.080 0. 028, 0.031, 0.027 21287
(I nproved w 0.35, 0.25, 0.03 w 0.032, 0.026, 0.026
Tender gr een)
W, 1987 (Amty) WP 1.8 6 410.45, 0.46, 0.28 <0.01, 0.02, <0.01 21487
w 0.17, 0.54, 0.46 w <0.01, 0.02, 0.01
(M, 1987 WP 1.8 7 410.63, 0.52, 0.75 0. 036, 0.046, 0.033 21187
(Tender cr op) w 0.57, 0.52, 0.35 w 0.037, 0.030, 0.034
OR, 1987 WP 1.8 7 4]0.05, 0.03 (2) 0.02 (2), 0.01 21387
(08wl S) w <0.03 (3) w <0.01 (3)
CA, 1987 WP 1.8 6 4|3.5, 2.8, 3.6, 3.0 0.13, 0.11, 0.15, 0.11 25087
(Thr oughgrai n)
DE, 1987 WP 1.8 6 4]<0. 03 <0.01 21687
(8-78)

1 a: aerial application.

w. washed.

Table 10. Maneb residues (as CS;) in fruiting vegetables from supervised
trials in Canada, The Netherlands and the USA. Underlined residues are from
treatments according to GAP.

CROP Application © Resi dues, ng/kg
Country, year Day Ref .
(Variety)
Form |kg ai/ha kg No. EBDC as CS; ETU
ai /hl
PEPPERS
(USAI I()CA) 1987 SC 1.8 6] 7[0.69, 0.75, 1.0, 0.86 [0.01, <0.01 (3) 25687
Be
USA (FL), 1987 SC 1.8 6] 7[0.41, 0.28, 0.14 0.05, 0.04, 0.019 25887
(California
\Wonder)
USA (TX), 1987 SC 1.8 6] 7[<0.03, 0.03 (2) <0.01 (3) 26387
(G ande R066)
USA (NO), 1988 WP 1.8 6] 7[0.091, 0.058, 0.22 <0.01 (2), 0.02 10688
(California
\Wonder)
USA (CA), 1989 SC 1.8 1.9] a 6] 7[0.050, 0.040, 0.056, [<0.01 (4) 47A-89
(Green Bell 0. 066
Pepper)
USA (CA), 1989 SC 1.8 0.96] a 8] 7[0.39, 0.47, 0.57, <0.01 (2), 0.01, 0.02 47B-89
(Enperial G ant) 0.32
USA (FL), 1989 SC 1.8 3.2 a 6] 7[0.15 0.01 47C-89
(Early Cal
\Wonder)
SWEET CORN (cob + kernel
USA (OR), 1987 WP 1.8 5] 4[<0.03 (3) <0.01 (3) 22087
(Jubi | ee)
USA (TL), 1987 SC 1.8 5[ 4[0.13, 0.052, 0.052 <0.01 (3) 22187
(I'l'lini Super
Sweet )
USA (MN), 1987 SC 1.8 5| 4|0.03, <0.03, 0.05 <0.01 (3) 22287
(ol den Beauty)
USA (NY), 1987 SC 1.8 5[ 4]<0.03 (3) <0.01 (3) 22387
(Early Sunray)
USA (W), 1987 WP 1. 4[<0. 03 (3) <0. 01 (3) 22487
USA (GA), 1987 SC 1.8 5| 4|0.03, <0.03, 0.03 <0.01 (3) 24887
(Merit)
USA (CA), 1989 SC 1.8 1.9] a 5] 5[0.070, 0.036, 0.066, [<0.01 (4) 49A-89
(Yel | ow Sweet 0. 056
Cor n)
USA (CA), 1989 SC 1.8] 1.8- a 5] 5[0.13, 0.26, 0.11, <0.01 (4) 49B- 89
(Hybrid Jubil ee) 3.9 0. 094
USA (FL), 1989 SC 1.8 3.2 a 5| 5]<0.03 <0.01 49C- 89
(7210)
TOVATO
Canada, 1989 WP 2.6 0.33 1 1]0. 065 84100761
(Heinz 318) 3/0. 05
7|<0. 05

14/0.05

21|0. 11

28|<0. 05
Net herl ands, 1984 | W |1.6-2.4 g 6| 15|<0.01, 0.13 <0.002 (2) PHB405

SC [1.6-2.4 <0.01 (2) <0. 002, 0.002
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CROP Application © Resi dues, ng/kg
Country, year Day Ref .
(Variety)
Form |kg ai/ha kg No. EBDC as CS; ETU
ai /hl

(Abunda) SC [1.6-2.4 <0.01 (2) <0.002 (2)
[Net herTands, 1984 | WP 1.6 g 3| 15|<0.01, 0.05 0. 0032, <0.002 PHB406
(Abunda) wp 1.6 g 8| 4[0.02, 0.15 0.003, 0.059

SC 1.6 g 3| 15(<0.01, 0.05 0. 0048, <0.002

SC 1.6 g 8| 4|0.07, <0.01 <0. 002, 0.020

SC 1.6 g 3| 15|<0.01 (2) 0. 0052, 0.002

SC 1.6 g 8| 4|<0.01, 0.14 <0.002, 0.025
USA (CA), 1987 SC 2.7] 0.72 7]~ 3]<0.03, 0.17, 0.04, <0.01 (4) 24487
(P-19) <0. 03
USA (FL), 1987 SC 2.7 7 3|1.6, 1.9, 1.4 <0.01 (3) 24587
(' Sunny)
USA (M), 1987 WP 2.7 0.58 71 3[0.13, 0.21, 0.21 <0.01 (3) 24687
(Pi k Red)
USA (TX), 1987 SC 2.7 0.72 7] 3[0.069, 0.057, 0.052 <0.01 (3) 24787
USA (CA), 1989 SC 2.7 2.9 a 7| 3]0.51, 0.58, 0.24, 0.02, 0.01, <0.01 (2) 48A-89
(uC 82) 0.35
USA (CA), 1989 SC 2.7 1.4 a 7| 3[0.13, 0.097, 0.053, <0.01 (4) 48B- 89
(Ace 55) 0.072
USA (FL), 1989 SC 2.7 4.9 a 7] 3[0.096 <0.01 48C- 89
(Sunny)
USA (CA), 1989 WP 2.2 0.33 1] 7]0.072, 0.089 <0.01 (2) 61A-89
(Ace)
USA (CA), 1989 WP 2.2 0.33 4] 5[0.39, 0.24 <0.01 (2) 61A-89
(Ace)
USA (CA), 1989 WP 2.2 0.33 1]  7]0.050, 0.029 <0.01 (2) 61B- 89
(Ace)
USA (CA), 1989 WP 2.2 0.33 4] 5[0.093, 0.20 <0.01 (2) 61B- 89
(Ace)
USA (CA), 1989 WP 2.2 0.35 I[  7]0.28, 0.16 <0.01 (2) 61D 89
(Royal Fl ush)
USA (CA), 1989 WP 2.2 0.35 4] 5[0.50, 0.63 <0.01 (2) 61D 89
(Royal Fl ush)
USA (CA), 1989 W 2.2| 0.48 [ 7[0.25, 0.18 <0.01 (2) 61E-89
(Bl aze)
USA (CA), 1989 W 2.2| 0.48 4] 5[0.12, 0.22 <0.01 (2) 61E- 89
(Bl aze)
USA (FL), 1990 SC 2.7 4.7 a 8] 3[0.12 <0.01 48D 89
(' Sunny)
USA (CA), 1990 W 2.2| 0.32 [ 7[0. 24, 0.30 <0.01 (2) 61C 89
(Cal - Ace 55VF)
USA (CA), 1990 WP 2.2 0.32 4] 5[0.32, 0.16 <0.01 (2) 61C 89
(Cal - Ace 55VF)
USA (CA), 1990 W 2.2| 0.51 1| 7]0.21, 0.15 <0.01 (2) 61F- 89
(Rorma)
USA (CA), 1990 WP 2.2 0.51 41 5[1.0, 1.1 0.022, 0.023 61F- 89
(Rorma)
USA (CA), 1990 WP 2.2 0.24 1] 7]0.23 <0.01 61G 89
(Sunny)
USA (CA), 1990 WP 2.2 0.24 41 5]2.0 0. 039 61G 89
(Sunny)
USA (CA), 1990 WP 2.2 3.9 a 1| 7[<0.03 <0.01 61H 89
(Sunny)
USA (CA), 1990 WP 2.2 3.9 a 4| 5]0.037 <0.01 61H 89
(Sunny)

' a: aerial application; g: glasshouse trial.

Table 11. Maneb residues (as CS;) in root and tuber vegetables from
supervised trials in The Netherlands, the UK and the USA Underlined
resi dues are fromtreatnents according to GAP.

CROP Application *
Country, year Day
(Variety)

Ref .

Resi dues, ng/ kg H
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Form|[kg ai/ha kg No. EBDC as CS; ETU
ai /hl

[POTATO
Net herTands, 1984 W [1.6-3.2 5 14 0. 002, 0.0045 PHB419
(Bintje) SC [1.6-3.2 5 14 0. 004, 0.002

SC [1.6-3.2 5 14 0. 0054, 0.004
[Net herTands, 1984 W [1.6-3.2 5 11 0. 003 (2) PHB420
(Bintje) SC [1.6-3.2 5 11 0. 0077, 0.0054

SC [1.6-3.2 5 11 0.013, 0.0077
[Net herTands, 1984 W |1.6-3.2 10 7 <0. 002 (2) PHB421
(Bintje) SC [1.6-3.2 10 7 0.004 (2)

SC [1.6-3.2 10 7 0. 0066, 0.0083
[Net herTands, 1985 W [1.6-3.2 9 9[<0.01 (2) 0.017, 0.0081 PHB518
(Bintje) SC [1.6-3.2 9 9(<0.01 (2) 0. 0085, 0.0043

SC [1.6-3.2 9 9(<0.01 (2) 0. 0065, 0.002
[Net herTands, 1985 W [1.6-3.2 8 17[<0.01 (2) 0. 0090, 0.0065 PHB520
(Bintje) SC [1.6-3.2 8 17(<0.01 (2) 0. 0075, 0.011

SC [1.6-3.2 8 17(<0.01 (2) 0. 004, 0.0099
[Net herTands, 1986 W [1.6-3.2 9 20[0.15, <0.01 0. 0058, 0.0067 PHB620
(Bintje) SC [1.6-3.2 9 20]<0.01 (2) <0. 002, 0.0045

SC [1.6-3.2 9 20|<0. 01, 0.04 <0. 002, 0.0046

SC [1.6-3.2 9 20|<0. 01, 0.06 <0. 002, 0.0086
Net herTands, 1987 SC [1.6-3.2 8 12[<0.02 (2) 0. 0088, 0.0046 PHB719
(Bintje) SC [1.6-3.2 8 12(<0.02 (2) 0. 003, 0.0067
Net herTands, 1988 W [1.6-3.2 7 22[0.06, <0.05 0. 004, 0.010 PHB827
(Bintje) SC [1.6-3.2 7 22]0. 08, <0.05 0. 004, 0.013

Ws |1.6-3.2 7 22]<0.05 (2) 0.010, 0.011
[Net herTands, 1988 W [1.6-3.2 10 18[0. 10, <0.05 0. 004, 0.005 PHB829
(Bintje) SC [1.6-3.2 10 18(<0. 05 (2) 0. 009, 0.006

Ws |1.6-3.2 10 18(<0.05 (2) 0. 005, 0.004
UK, 1991 W [1.3 0.51 5 20[<0. 01 <0.01 R52678/7
(Mario Piper) Ws |2.6 1.0 5 20|<0.01 <0. 01 R52678/ 8
UK, 1991 W 1.3 0.51 5 26[<0.01 (3) <0.01 (3) R52628/ 2
(Mario Piper) Ws |2.6 1.0 5 26|<0.01 (3) <0.01 (3) R52628/ 3
UK, 1991 W [1.3 0.51 5 37[<0. 01 <0.01 R52628/ 12
(Ki ng Edwar d) Ws |2.6 1.0 5 37|<0.01 <0. 01 R52628/ 13
USA (CA), 1987 W 1.8 0.48 12 14]<0.03 (4) <0.01 (4) 23587
(Wi te Rose)
USA (1D, 1987 SC 1.8 0.48 12 14]<0.03 (3) <0.01 (3) 23687
(Russet Bur bank)
USA (ME), 1987 SC 1.8 0.19 12 13[<0.03 (3) <0.01 (3) 23787
(Kat ahdi n) —
USA (ND), 1987 W 1.8 0.48 12 14]<0.03 (3) <0.01, 0.01 (2) 23887
(Nor chi p)
USA (OR), 1987 W 1.8 0.48 11 14]<0.03 (3) 0.01 (2), <0.01 23987
(Russet)
USA (CA), 1989 SC 1.8 1.9 a 12 14]<0.03 (3) <0.01 (3) 38A-89
(Wi te Rose)
USA (CA), 1989 SC [1.8 1.9 a 12 1410. 037, 0.052, <0.01 (3) 38B- 89
(Wi te Russet) 0.097, 0.23
USA (FL), 1989 SC 1.8 3.2 a 12 14[<0.03 <0.01 38C- 89
(Red Ponti ac)
USA (FL), 1990 SC 1.8 3.1 a 12 14[<0.03 <0.01 38D 89
(Red Ponti ac)
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SUGAR BEET

USA (CA), 1987 SC J1.8 0.96 7 14]0.37, 0.28, 0.51, <0.01 (3) 24087
0.99

USA (1D, 1987 SC 1.8 0.96 7 14]0.052, 0.03, 0.03 <0.01 (3) 24187

(Geat Western R2)

USA (MN), 1987 SC 1.8 0.96 7 14]0. 040, 0.069, 0.057 [<0.01 (3) 24287

(U tranono)

USA (ND), 1987 W 1.8 0.96 7 14[0.10, <0.03 (2) <0.01 (3) 24387

(Monori ca)

' a: aerial application.

Table 12. Maneb residues (as CS;) in celery from supervised trials in
Canada and the USA. Al W,

Country, year Application Resi dues, ng/ kg
(Variety) Day Ref .
kg ai/ha | kg ai/hl No. EBDC as CS; ETU
Canada, 1989 1.8 1 0[0. 52 84100761
(Florida 683) 1]0. 22
710. 22
1410. 22
21)0. 19
Canada, 1989 1.8 1 0f1.4 84100761
(Florida 683) 21/0. 17
28]0. 069
35[0. 055
42]0. 055
USA (CA), 1989 1.8 0.81 1 711.5, 3.7 <0.01, 0.01 62A- 89
(Bud of California) 4 1411.4, 2.0 0.01, <0.01
USA (CA), 1989 1.8 0.81 1 710.31, 0.69 <0.01 (2) 62B- 89
(Bud of California) 4 14(1.5, 1.4 0.01, 0.03
USA (CA), 1989 1.8 0.38 1 7(1.4, 1.1 <0.01 (2) 62C- 89
(Bud of California) 4 14{1.0, 0.55 0.01, <0.01
USA (CA), 1989 1.8 0.38 1 710.38, 0.77 <0.01 (2) 62D 89
(Tall U ah) 4 14]1.5, 2.1 <0.01 (2)
USA (CA), 1989 1.8 0.38 1 7(0.60, 0.70 0.01, <0.01 62E- 89
(Tall U ah) 4 14]1.8, 1.4 0.01, 0.01
USA (CA), 1989 1.8 0.96 1 710.20, 0.25 <0.01 (2) 62F- 89
(Tall U ah) 4 14]1.5, 1.9 0.01, <0.01

Table 13. Maneb residues (as CS;) in cereal grains from supervised trials
in The Netherlands, the UK and the USA. Underlined residues are from
treatments according to GAP.

CROP Application Resi dues, ng/ kg

Country, year Day Ref .
(Variety)

Form kg kg No. EBDC as CS; ETU
ai/ha | ai/hl

BARLEY

Net her | ands, 1986 WP 1.6 2 58[<0.01 (2) <0.002 (2) PH8616
(Hasso)

Net her | ands, 1987 WP 1.6 2 67(0. 06, <0.03 0.016, 0.054 PHB717/ 2
(Hasso) SC 1.6 2 67(<0. 03, 0.04 0. 056, 0.028

Net her | ands, 1988 WP 1.6 2 57(0.09, 0.13 <0.002 (2) PH38- 35
(Prism)

Net her | ands, 1988 WP 1.6 2 60(0. 60, 0.20 <0.002 (2) PH38- 38
(Trunpf)

W NTER WHEAT

Net her | ands, 1984 WP 1.6 0.49 2 61[<0.02 (2) <0.02 (2) PH8431
(Ckapi ) SC 1.6| 0.49 2 61(<0.02 (2) 0.02, <0.02

SC 1.6 0. 49 2 61]0. 02, <0.02 <0.02 (2)
Net her | ands, 1985 WP 1.6 0.40 2 68(<0. 01, 0.65 <0.002 (2) PH8526
(Sai ga) sc 1.6/ 0.40 2 68[<0.01 (2) <0.002 (2)
SC 1.6| 0.40 2 68|<0.01 (2) <0.002 (2)

Net her | ands, 1985 [ WP 1.6/ 0.32 2 57|<0.01 (2) <0.002 (2) PHB527
( Mar ksman) SC 1.6 0.32 2 57(<0.01 (2) <0.002 (2)

Net her | ands, 1986 WP 1.6 0.40 2 66(<0. 01, 0.07 <0.002 (2) PH3626
(Ckapi ) SC 1.6 0.40 2 66(<0. 01, 0.03 <0.002 (2)
||Net herlands, 1987 SC 1.6/ 0.27 2 64[<0.02 (2) <0.002 (2) PHB727
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CROP Application Resi dues, ng/ kg
Country, year Day Ref .
(Variety)
Form kg kg No. EBDC as CS; ETU
ai /ha | ai/hl

(Arm nda)
Net her | ands, 1988 wp 1.6/ 0.27 2 68]<0. 05, 0.07 0.002 (2) PHB839
(Obel i sk) SC 1.6/ 0.27 2 68(<0.05 (2) 0.004, <0.002

WG 1.6/ 0.27 2 68]0.12, 0.05 <0.002, 0.003
UK, 1991 W5 1.5 0.63 1 24(0.10, 0.10, 0.11 |<0.01 (3) R52628/ 27
(Ri band) W5 3.0 1.3 1 2410.23, 0.15, 1.0 <0.01 (3) R52628/ 28
UK, 1991 WG 1.5/ 0.63 1 51]0. 03 <0.01 R52628/ 42
(Ri band) W5 3.0 1.3 1 51|0. 10 <0.01 R52628/ 43
USA, 1991 W6 1.5/ 0.63 1 46(<0. 01 <0.01 R52628/ 57
(Haven) WG 3.0 1.3 1 46)0.10 <0.01 R52628/ 58

Tabl e 14. Maneb residues (as CSy)

in al monds from supervised trials in the

USA. Underlined residues are fromtreatnents according to GAP. Al SC
State, year Appl i cation® Resi dues, ng/ kg
(Variety) Day Ref .
kg ai/ha|kg ai/hl | No. EBDC as C% ETU
CA, 1988 7.2 0.74 4 138 <0.03 (4) <0.01 (4) 36A- 88
(Non Pariel)
CA, 1988 7.2 7.7 a4 142 <0.03 (4) <0.01 (4) 36B- 88
(Non Pariel)
CA, 1988 7.2 0.74 4 135 <0.03 (4) <0.01 (4) 36C 88
(Non Pariel)
CA 1988 7.2 3.8 a4 129[0. 03, <0.03 (3) <0.01 (4) 36D 88
(Non Pariel)
' a: aerial application.
Table 15. Mneb residues (as CS;) in cereal straw and forage from
supervised trials in The Netherlands, the UK and the USA Underlined
resi dues are fromtreatnents according to GAP.
CROP Application Resi dues, ng/ kg
Country, year Day Ref .
(Variety)
Form| kg kg No. EBDC as CS; ETU
ai/halai/hl
BARLEY STRAW
Netherl ands, 1986 P 1.6 2] 58[2.6 0. 11 PHB616
(Hasso)
Net her [ ands, 1987 WP 1.6 2 67]<0. 05 1.4 PH3717/ 2
(Hasso) SC 1.6 2 67(<0. 05 2.2
Netherl ands, 1988 P 6 60[2.2 0. 089 PHB8- 38
(Trunpf)
VAT ZE FORAGE
USA (OR), 1987 P 1.8 5[ 4[4.0, 3.1, 4.1 0.02, 0.01, 0.02 22087
(Jubi | ee)
USA (T0), 1987 sC 1.8 5 4[32, 32, 23 0.063, 0.060, 0.062 22187
(I'l'1ini Super Sweet)
USA (MN), 1987 sC 1.8 5 4[5.6, 6.2, 3.9 <0.01 (2), 0.01 22287
(ol den Beauty)
USA (NY), 1987 sC 1.8 5| 4[2.3, 3.2, 3.6 0.021, 0.029, 0.027 22387
(Early Sunray)
USA (W), 1987 P B 5 4[6.2, 3.4, 4.8 0.026, 0.015, 0.021 22487
USA (GA), 1987 sC 8 5| 4[20, 28, 28 0.098, 0.10, 0.10 24887
(Merit)
VWEAT STRAW
Net her [ ands, 1987 SC 1.6] 0.27 2 64]<0. 01 <0. 002 PH8727
(Armi nda)
Netherl ands, 1988 P T.6| 0.27] 2| 68[2.1 0. 065 PHBB39
(Qoel i sk) sC 1.6| 0.27 2| es8lL.8 0.071
VG 1.6| 0.27 2| es8lis <0.01
UK, 1991 VG T.5 0.63| 1| 24|0.29, 0.30, 0.35 <0.01 (2), 0.01 R52628] 27
(R band) W5 3.0 1.3 1 2412.6, 2.4, 2.9 <0.01, 0.03, <0.01 R52628/ 28
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CROP Application Resi dues, ng/ kg
Country, year Day Ref .
(Variety)
Form| kg kg No. EBDC as CS; ETU
ai /halai/hl
UK, 1991 WG 1.5] 0.63 1| 51[<0.01 <0.01 R52628/ 42
(R band) W5 3.0 1.3 1 51)|0.51 <0.01 R52628/ 43
UK, 1991 WG 1.5] 0.63 I[ 46]<0.01 <0.01 R52628/ 57
(Haven) WG 3.0 1.3 1| 46]0.55 0.01 R52628/ 58

Table 16. Maneb residues (as CS;)

in bean vines from supervised trials in

the USA. Residue data are expressed on a dry weight basis. All at W at 1.8
kg ai/ ha.
CROP Appl i cation Resi dues, ng/kg T
Country, year Day Ref .
(Variety)

kg No. EBDC as CS; ETU

ai / hl

DRY BEAN VI NES
CA, 1987 0. 96 6 4 145 4.9 25387
(Snap bean) 0.38 6 4 165 6.9
CO, 1987 0. 96 6 4 28 0.15 20787

0. 96 6 7 28 0. 60

0.38 6 4 16 0.59

0.38 6 7 17 0. 27
M, 1987 0. 96 6 4 17 0.83 20887

0. 96 6 7 14 0.16

0.38 6 4 11 0. 69

0.38 6 7 11 0. 063
ND, 1987 0. 96 6 4 28 3.6 21087
(Agate Pinto) 0.96 6 7 18 1.1

0.38 6 4 42 6.1

0.38 6 7 19 0.77
NE, 1987 0. 96 6 4 15 1.0 20987
(Geat Northern) 0.96 6 7 12 1.2

0.38 6 4 8.9 0.89

0.38 6 7 8.9 0.90
SUCCULENT BEAN VI NES
NY, 1987 7 4125, 18, 19 0.74, 1.1, 0.90 21287
(1 mproved 719.7, 9.7, 11 0.48, 0.66, 0.79
Tender gr een)
W, 1987 6 4148, 115, 83 1.5, 4.3, 0.60 21487
(AT ty) 7114, 17, 15 1.0, 0.98, 0.73
M, 1987 7 4137, 49, 52 0.91, 1.4, 0.68 21187
(Tender cr op) 7(53, 32, 34 0.30, 0.48, 0.46
OR, 1987 7 4]1.3, 0.80, 3.6 0.027, 0.02 (2) 21387
(0sWa/ S)
CA, 1987 6 41263, 201, 270, 209 0.02, 1.1, 0.65, 0.80 25087
(Thr oughgr ai n) c 0.51, 0.27 c <0.01 (2)

71482, 402, 464, 402 0.79, 0.53, 0.55, 0.83
c1l3 1.8 c 0.71, <0.01
DE, 1987 6 4 0.80 0. 047 21687
(8-78)
* ¢: control sanple.

Table 17. Maneb residues (as CS;) in mscellaneous fodder conmodities from

supervi sed

trials

in

accordi ng to GAP.

the USA. Underlined

residues are from treatnments

CROP
State, year
(Variety)

Application ©

Day

Resi dues,

ny/ kg

Ref .
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Form kg kg No. EBDC as CS; ETU
ai/ha | ai/hl
ALMOND HULLS
CA, 1988 SC 7.2 0.74 4 138]9.3, 6.7, 7.3 36A-88
(Non Pariel) 6.5
CA, 1988 SC 7.2 7.7 a4 142[4.8, 3.9, 4.1, 36B- 88
(Non Pariel) 2.7
CA, 1988 SC 7.2 0.74 4 135[0. 034, 0. 035, 36C 88
(Non Pariel) 0.053, 0.066
CA, 1988 SC 7.2 3.8 a4 129[6.0, 7.9, 7.3 36D 88
(Non Pariel) 9.7
SUGAR BEET TOPS
CA, 1987 SC 1.8 0.96 7 14188, 76, 34, 29 0.37, 0.13, 24087
0. 040, 0.061
D, 1987 SC 1.8] 0.96 7 14|1.1, 0.85 1.4 [<0.01 (3) 24187
(Geat Western R2)
M\, 1987 SC 1.8 0.96 7 1418.9, 8.4, 13 0.01 (2), 0.048 24287
(U tranono)
ND, 1987 WP 1.8 0.96 7 14(2.6, 2.3, 3.0 <0.01 (2), 0.01 24387
(Monori ca)

' a: aerial application.

FATE OF RESIDUES
In animals

Met abol i sm studies on lactating goats and |aying hens were nmade avail able
to the Meeting.

Tissue and mlk residues were nmeasured in 2 lactating goats (body
wei4ghts 49 and 52 kg) dosed for 5 days by capsule with radiol abel | ed naneb
([**C] et hyl enedi anine) at 75 ng/day equivalent to 50 ppm maneb in the feed
(Wi, 1990a). Feed consunption was 1.5 kg/day. MIk was collected twce
daily; animals were slaughtered for tissue collection 8 hours after the
final dose.

Total C residues in nmilk were close to a steady state concentration
(0.2-0.4 ng/kg as CS;) by days 3 and 4. The levels in the norning mlk
sanples, collected just prior to the daily dose, were always considerably
lower than in the evening sanples, which suggested that levels in mlk
woul d decrease rapidly when dosing ceased. Total *C residues were
distributed anong the tissues and milk, with the highest levels in the
liver and ki dney (Table 18).

Table 18. Total *C residues (expressed as nmy CS,/ kg) in tissues and mlk
from lactating goats dosed for 5 days with [*C] ethyl enediami ne-1abelled
maneb equivalent to 50 ppmin the feed (Wi, 1990a).

Substrate Total *C, expressed as ngy
CSZ/ kg
Li ver 5.8
Ki dney 3.1
Loi n nuscle 0.23
Leg nuscl e 0. 47
Fat 0.10
M1k (day 4) 0. 33
Met abol it es wer e identified by t wo- di nensi onal TLC,

radi ochr omat ography and HPLC. The netabolite distribution in the mlk and
tissues is sunmarized in Table 19. Ethyleneurea, Jaffe's Base (1-(2-
i m dazolin-2-yl)-2-inidazolidinethione) and et hyl enet hi our ea wer e
identified in each tissue and nmilk. The main primary netabolite was Jaffe's
Base. Much of the 'C had been incorporated into natural products.
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ETU levels in tissues and mlk were determ ned by direct analysis and
by '*C measurement (Table 20). Levels were low in all the tissues and the
m k.

Table 19. Metabolite distribution in nilk and tissues of l|actating goats
dosed for 5 days with [*C]ethyl enedi am ne-1abell ed maneb equivalent to 50
ppmin the feed (W, 1990a).

Met abol i te expressed as % of total “Cin the tissue or mlk

Met abol i te
Li ver Ki dney Muscl e Fat M1k
Et hyl enet hi ourea (ETU) 0.68 2.6 1.8 1.5 1.8
Et hyl eneurea (EU) 4.9 4.4 5.1 7.5 4.6
1-(2-imdazolin-2-yl 11 47 7.0 9.7 23

)-2:
i m dazol i di net hi one (Jaffe's Base)
Et hyl enebi si sot hi ocyanat e sul phi de® 1.2 2.6 2.5 0.49

(EBI'S) + ethyl enet hi our ea- N-
t hi ocar boxam de (ETT)

1, 2- et hyl enedi ani ne ( EDA) 4.6 1.5 - 2.1 6.1
N-acetyl - 1, 2- et hyl enedi am ne - 0.72 1.2 - 1.5
Hydant oi n - - 3.1 - 0.53
Al antoin 3.0 - 5.3 4.5 -
dycine 13 0.74 - 4.1 8.1
Creatine 1.8 - 8.3 - -
Creatini ne 1.1 0. 68 2.1 2.9 2.2
Li pi ds 2.5 3.5 3.8 37 6.1
Bound resi dues 7.0 4.6 7.1 7.0 0.70

1 | UPAC nane: 5, 6-di hydro- 3H-i i dazo[ 2, 1- ¢] [ 1, 2, 4] di t hi azol e- 3-t hi one (DI DT)

Tabl e 20. ETU distribution in mlk and tissues of |actating goats dosed for
5 days with [**C] et hyl enedi armi ne-1 abel | ed nmaneb equivalent to 50 ppmin the
feed (Wi, 1990a).

Ti ssue or mlk ETU by direct cheni cal ETU by *C

anal ysi s, ng/kg nmeasur enent, ng/ kg
Li ver 0. 075 0. 068
Ki dney 0. 050 0.14
Loi n nuscle - 0. 008
Leg nuscle 0. 035 -
Fat <0.01 0. 003
M I k 0. 037 0.011

14C residues were nmeasured in the tissues and eggs of 30 laying hens
(weighing 1.5 kg each) dosed for 7 days by capsule with radiol abell ed naneb
([**C] et hyl enedi anine) at 6.1 ny/day, equivalent to 51 ppm nmaneb in the
feed (Wi, 1990b). Feed consunption was 0.12 kg/day. Eggs were collected
daily; birds were slaughtered for tissue collection 8 hours after the fina
dose.

Total 'C residues in the egg whites had reached a plateau by days 5-
6, while the total *Cin the yolks was still increasing at the end of the
study. Total ™C residues were distributed anong the tissues and eggs, Wwth
the highest levels in the liver and kidney (Table 21).
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Table 21. Total *C residues (expressed as ng CS,/kg) in tissues and eggs
from | aying hens dosed for 7 days with ['C] ethyl enedi ani ne-|abel |l ed nmaneb
equivalent to 51 ppmin the feed (Wi, 1990b).

Substrat e Total 'C, expressed as ng CS, kg
Liver 1.5
Ki dney 1.8
Breast nuscle 0.24
Thi gh nuscl e 0.23
Fat 0.072
Ski n 0.52
Egg white, day 7 0.42
Egg yol k, day 7 0.61

Met abol it es wer e identified by t wo- di nensi onal TLC

radi ochr omat ography and HPLC. The netabolite distribution in the eggs and
tissues is sumuarized in Table 22. Ethyleneurea, 1-(2-imnidazolin-2-yl)-2-
i mi dazol i di net hione and ethylenedianmine were identified in all of the
tissues, egg white and egg yolk. Ethyleneurea was the nmain prinary
met abol ite. Much of the 'C had been incorporated into natural products.

ETU was identified in all of the tissues (except skin) and eggs. ETU
level s in tissues and eggs were deternmined by direct analysis and by C
neasurenent (Table 23). Levels of ETU were low in all tissues, but the
direct nethod of analysis gave higher results.

Tabl e 22. Metabolite distribution in eggs and tissues of |aying hens dosed
for 7 days wth [*C] ethyl enedi ami ne-1 abel | ed maneb equivalent to 51 ppmin
the feed (Wi, 1990b).

17
|

" Met abol i te expressed as % of tota Cin the tissue or egg conponent.

Met abolite
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Li ver Ki dney Br east Fat Egg white Egg yol k
nuscl e

EBI S’ + et hyl enet hi our ea- N- 1.1 0.51 1.5 3.4 5.5 2.2
thi ocar boxani de (ETT)
1- (2-inidazolin-2-yl)-2- 3.6 3.9 4.2 4.5 1.6 26
i m dazol i di net hi one (Jaffe's
Base)
Et hyl enet hi ourea (ETU) 2.6 3.3 1.3 4.7 1.8 1.4
Et hyl eneurea (EU) 14 11 36 13 59 16
1, 2- et hyl enedi ami ne ( EDA) 9.9 9.9 2.5 2.1 1.1 2.1
N-acetyl - 1, 2- et hyl enedi am ne 0.98 0.80 - - 0.95 1.5
Creatine 2.7 - - - - 0.43
Creatinine - 1.2 - - 1.0 -
Hydant oi n - - 17
Al antoin - 3.5 - -
dycine 17 12 - 3.8 - 1.4
N-f or nyl gl yci ne - - - 2.7 -
Li pi ds 2.5 0.79 0.81 51 - 9.5
Prot ei ns 39 39 26 11 23 31
Bound resi dues 3.1 9.2 4.4 2.6 1.6 4.0

' See Table 19 for chemical nane.

Table 23. ETU in eggs and tissues of laying hens dosed for 7 days wth
[ **C] et hyl enedi ami ne-1abel | ed maneb equivalent to 51 ppmin the feed (W,
1990b).

Ti ssue or egg | ETU by direct chem cal ETU by *C

conponent anal ysi s, ng/kg nmeasur enent, ng/ kg
Liver 0.14 0. 070
Breast nuscle 0. 044 0. 005
Egg white 0.098 0.013
Egg yol k 0. 039 0. 015
Fat <0.01 0. 006

In plants

Met abol i sm studi es were made available to the Meeting for lettuce, potato
and tonato.

Lettuce plants were treated with 4 foliar sprays (3.1, 3.1, 6.3, and 6.3 kg
ai/ha) of nmaneb, 'C-labelled in both ethylene carbons, at approximtely 7-
days intervals, and harvested 13 days after the final application for
netabolite identification and analysis (Ballantyne, 1992).

The harvested lettuce were surface rinsed with an EDTA solution to
identify the components of the dislodgeable residue. The rinse contained
approxi mately 33% of the '*C residues; the remainder was in the tissue. The
distribution of netabolites and terminal *C residues in the lettuce and
the rinsings is sumarized in Table 24.

Surface residues included mainly nmaneb and the prinmary metabolites,
EBI S', ethyl eneurea and ETU.

Identified nmetabolites in the lettuce tissue included EBIS
et hyl eneur ea, et hyl enet hi our ea, et hyl enedi am ne and N- acet yl
et hyl enedi am ne. Amino acids and protein were found to contain **C, which
denonstrated that nmetabolites had been incorporated into the natural carbon
pool

! See Table 19 for chem cal nane
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Table 24. Distribution of *C anmpbng the metabolites of nmaneb in lettuce
ti ssues and washings of lettuce treated with naneb, *C-labelled in both
et hyl ene carbons, and harvested 13 days after the final application
(Bal I antyne, 1992).

Met abolite as % of Met abolite as % of Met abol ite as % of
Met abol i te surface residue residue in rinsed total residue
lettuce
Maneb 13 4.2
Et hyl enet hi ourea (ETU) 16 2.8 7.0
EBI S 49 5.3 19
Et hyl eneurea (EU) 4.7 18 14
1, 2- et hyl enedi ami ne ( EDA) 2.7 1.8
N-acetyl - 1, 2- et hyl enedi am ne 0.10 0. 05
Ami no acids 38 26
Unknowns 22 15
Pol ar origin 17 12

In a 1989 US (W) netabolism study, potato plants, cultivar Norland,
were treated with 4 foliar sprays (3.5, 3.5, 6.9, and 6.9 kg ai/ha) of
maneb, 'C-labelled at the ethylene carbon, at approximately 3-week
intervals, and harvested 17 days after the final application for netabolite

identification and analysis (Wight and Mlik, 1992).

Most of the **C residues were in the foliage, with less than 0.3% in
the tubers. Total *C residue levels (expressed as maneb) in the foliage,
tuber pulp and tuber peel were 330, 0.92 and 0.84 ng/kg respectively. The
nature of the residues in the tubers was further investigated. The
distribution of the 'C anpbng prinmary netabolites and natural products in
potato tuber pulp and peel is shown in Table 25.

The prinmary netabolites constituted only a minor part of the C
residues in the tuber, less than 9% ETU, identified only in the potato
peel at 0.004 ng/kg (0.02 ng/kg by direct chemical analysis), was thought
to be the result of surface contanination, rather than a product of
nmet abol i sm

The results may be interpreted in terms of a relatively rapid
conversion of the primary netabolites to a common plant netabolite such as
gl ycine, which provides the nechanismfor the C to be incorporated widely
into natural products.
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Table 25. Distribution of *C anmobng the netabolites of maneb in potato
tuber pulp and peel from potato plants subjected to foliar application of
“C- labelled maneb, and harvested 17 days after the final application
(Wight and Malik, 1992).
Met abolite Met abolite
Met abolite expressed as % of expressed as % of

total “Cin pulp

total 'Cin peel

Et hyl enet hi ourea (ETU) - 0. 49
Et hyl eneurea (EU) 1.3 0. 69
Et hyl enet hi our ea- N- 6.2 3.9
t hi ocar boxam de (ETT)

1, 2- et hyl enedi am ne ( EDA) 0.90 -
N- acetyl -1, 2- et hyl enedi ani ne - 2.8
Hydant oi n 2.1 -
Creatini ne 15 -
Creatine 10 11
Al lantoin 19 20
G yci ne 9.0 5.4
Nonpol ar 1i pids 0. 65 0.18
Pol ar 1i pids 2.0 -
Anmi no aci ds 3.9 17
Starch 20 12
Cel lul ose, lignin and 1.1 12
hemni cel | ul ose

In a 1989 US (W) netabolismstudy, tomato plants, cultivar Ace, were

treated with 4 foliar sprays of maneb, '*CTabelled at the ethyl ene carbon,
at exaggerated rates of 5.5, 10, 22, and 22 kg ai/ha at approximately 2- to

6-week intervals, and harvested 5, 17 and 24 days after the final
application for metabolite identification and analysis (Wight and Ussary,
1993).

Mich of the C residue (49-63% was renoved from harvested tomatoes
when they were washed with a 1% EDTA solution to determine the nature and

quantity of dislodgeable residues. Maneb and EBIS were the nmain
di sl odgeabl e residues; the major part of the ETU residue in the whole
tomat oes was in the rinsings.

Tormat oes were separated into peel and pulp for netabolite analysis.

The peel contained 23-26% of the whole tomato C, while the pul p contained
11-27% The 5-day PH sanple, which contained the highest percentage of the
14C, was chosen for detailed analysis for netabolites (Table 26).

The processes in tonmato nmetabolismare simlar to those in the other

crops studied. The 'C enters the netabolic carbon pool probably via
glycine, fromwhich it is incorporated into natural products.

Table 26. Distribution of !C anpng the netabolites of maneb in tomato
washi ngs (1% EDTA), pulp and peel from tomatoes harvested 5 days after the
final foliar application to a crop of MClabelled maneb (Wight and
Ussary, 1993).

Met abol i te expressed as % of total *Cin
Met abol i te
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Ri nsi ngs Peel Pul p Whol e tonato
Maneb 28 14
Et hyl enet hi ourea (ETU) 15 0.8 0.97 7.9
EBI S? 39 1.4 0.04 20
Et hyl eneurea (EU) 6.0 1.4
N-acetyl - 1, 2- et hyl enedi am ne 4.2 4.1 2.1
Al l antoi n 11 16 6.8
1, 2- et hyl enedi anmi ne ( EDA) 11 2.7
d ucose 16 4.4
Ami no acid 3.4 0.93
Unknowns, undefi ned 19 3.1 3.5 11
Pol ar nateri al 4.8 27 8.6
Metabolic pathways of maneb are shown in Figure 1.
Figure 1. Metabolic pathways of maneb
MANEB
N-acetyl EDA
Jaffe's ETT
EDA + CS, Base EBI S ETU
| +CS, + S |
d ycine EU
Nat ur al Hydant oi n
products
d ycine
Nat ur al
products

ETU. et hyl enet hi our ea

EU. et hyl eneur ea

EBI S': et hyl enebi si sot hi ocyanat e
sul phi de

EDA: et hyl enedi ani ne

JB, Jaffe's Base: 1-(2-imidazolin-
2-yl)-2-imdazolidinet hi one

ETT:

et hyl enet hi our ea- N-t hi ocar boxani de

2See Table 19 for | UPAC chenical nane
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In storage and processing

Processing studies were nmade available to the Meeting for apples, beans,
grapes, sugar beet, sweet corn and tonatoes.

Pitt (1989b) studied the fate of maneb and ETU during the sinmulated
conmer ci al processing of apples (variety Mnroe) subjected to 10
applications of maneb, each of 25.2 kg ai/ha (5 - comercial rate,
2.7 kg ai/hl spray concentration), in tw trials in the USA (NY) in 1988
Appl es were harvested 15 days after the final application

Apples (75 kg) were ground in a hamer-mill, and the resultant wet
mash was pressed to produce juice and wet pormace. Wet porace was dried in a

current of warmair (77-88°C) to yield a dry pormace with <10% noi sture. The
dry ponace was 20-25% by weight of the wet pomace. Although the process
generally sinulated conmercial practice no washing was included; the
intention was to represent a "worst case" situation. The resultant residues
in appl es and the processed fractions are shown in Table 27.

Di t hi ocar banmat e resi dues accunul ated in the pormace and were depl eted
in the juice, as would be expected from nmaneb's water solubility. ETU
levels in the juice were lower than in the raw agricultural commodity.

Tabl e 27. Residues of dithiocarbamates (as CS;) and ETU in apples and
processed fractions (Pitt 1989b). Apples were harvested for processing 15

days after the last of 10 applications of maneb, each of 25.2 kg ai/ha (5
comercial rate) in two trials in the USA (NY) in 1988.

Trial 37A-88 Trial 37B-88

Comuodi ty

Dith ETU resi dues, Dith ETU resi dues,

resi dues, ng/ kg resi dues, ng/ kg
ng/ kg as CS; ng/ kg as CS;

Appl e 9.7 0. 15 5.9 0.13
Wet ponace 10 0. 46 17 0.70
Dry ponace 52 2.5 70 2.5
Fresh juice 2.0 0. 018 2.8 0. 037

In a US (NY) 1987 processing study maneb was applied on 6 occasions

at 18 kg ai/ha (10 - maxi num | abel rate) to beans which were harvested 4
days after the final treatnent (Bookbinder, 1988e). Beans (34 kg) were
processed into frozen and canned products according to a simulated
commerci al operation (Figure 2).

Resi dues of dithiocarbamates and ETU in the beans and processed
commodities are sumarized in Table 28. The report does not nake it clear
whet her the sanple of raw bean pods anal ysed was washed or unwashed.
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Figure 2. Processing of beans field-sprayed with naneb (Bookbi nder, 1988e).

| Beans, raw unwashed

Immersion washing
and spray rinsing
| Beans, raw washed
Ends snipped. Cut into 5-8 cm
lengths.
Tri nmi ngs | | Beans, cut and trinmed
5 min, Borled until tender
77°C
Beans, trinmed, raw, Beans, cooked
bl anched
Freeze at Puree and sieve. 36 min,
-23°C. Boil and fill jars 116°C
at 77°C. 50 mins,
116°C
Beans, frozen | | Baby food Beans, canned

Beans, frozen, stored
3 nont hs

Table 28. Residues of dithiocarbamates (as CS;) and ETU in snap beans
foliar-sprayed with maneb and taken through the processing schene in Figure
2 (Bookbi nder, 1988e).

Conmodi ty Di t hi ocar banat e ETU resi dues,
resi dues, ng/kg as CS; ng/ kg
Raw bean pods 3.5 0. 040
Beans, canned 0. 03 0.49
Beans, frozen (not stored) 0.35 0.19
Baby food <0. 03 0.35
Tri mmi ngs (cannery waste) 3.6 0.12

In a US (CA) 1987 study maneb was applied once at 14 kg ai/ha (4
maxi mum | abel rate) to grapes which were harvested 8 days after the final
treat nent (Bookbinder, 1988]). The label PH is 66 days, but exaggerated
conditions were used to produce high residues for the processing studies.
Grapes (44 kg) were sent for processing into juice and pomace (Figure 3)
and raisins. For the production of raisins, grapes were renmpved from the
vine, but left firmy attached to the stem Gapes were steamheated for

30-60 seconds, then held at 71°C in a convection oven until dried. Raisin
wast e consists of stens and raisins of poor quality.

Resi due data for grapes and grape products are summarized in Table
29.
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Figure 3. Processing of grapes to produce juice and ponace

Raw gr apes
De-stem, crush and
pre-heat (60°C)

Grapes, de-stemed
and heat ed

|Enzyme treatment
| Depect i ni zed |

|Press
|

Jui ce | | Wet ponace

Heat (82-85°C), ory in a
cool (-2°C), _

clarify on co?vectlon oven at
standing 54°C

| Dry ponace
|

Thi ck juice | Oear juice |
Heat at 88°C
|Pasteurised juice|

Tabl e 29. Dithiocarbamate and ETU residue in grapes and grape products from

a US (CA) 1987 processing study with maneb applied once at 14 kg ai/ha (4 -
maxi mum | abel rate). Grapes were harvested 8 days after the final treatnent
(Bookbi nder, 1988j).

Comuodi ty Di t hi ocar banat e ETU resi dues,
resi dues, ng/kg as CS; ng/ kg
Fresh grapes 10.5 0. 067
Raw grapes at processor 6.6 0. 026
Wet ponace 3.7 0. 16
Dry ponace 3.9 0. 50
Thi ck grape juice 0. 46 5.0
Rai si ns 1.9 0. 66
Rai si n waste 10.6 1.3

In a US (CA) 1987 study maneb (SC fornul ation) was applied 7 tines at
18 kg ai/ha (10 - maxinmum | abel rate) at a spray concentration of 9.5 kg
ai/hl to a sugar beet crop, which was harvested 14 days after the final
treat nent (Bookbinder, 1988q). Sugar beet roots (220 kg) were sent for
simul ated commercial processing. Dithiocarbamate and ETU residues in the
roots and the processed conmodities are shown in Table 30.

Table 30. Dithiocarbamate and ETU residues in processed conmodities from

sugar beet treated 7 tinmes with maneb at 18 kg ai/ha (10 - naxi mum | abel
rate) and harvested 14 days after the final treatnment (Bookbinder, 1988q).
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Comuodi ty Di t hi ocar banat e ETU resi dues, ng/ kg
resi dues, ng/kg as CS;
Sugar beet roots 0. 069 <0.01
Sugar beet nol asses <0. 03 2.1t
Wi te sugar <0. 03 <0.01
Dried beet pulp 0. 088 0. 028

! The authors suspected contamination of the nolasses, but were not
able to locate the source of contam nation.

In a US (CA) 1988 processing study naneb (SC formul ati on) was applied

5 times at 9 kg ai/ha (5 ° maxinum | abel rate) at a spray concentration of
2.4 kg ai/hl to sweet corn, which was harvested 4 days after the final
treat nent (Bookbinder, 1989). Wole sweet corn ears (45 kg from each plot)
were sent for simulated commercial processing. Wwole sweet corn ears (4-5
kg) were also sent directly to the analytical l|aboratory. The report did
not provide detailed information on the nature and duration of the washing
and cleaning processes, or the times and tenperatures of heating.
Dithi ocarbamate and ETU residues in the sweet corn and the processed
comodities are shown in Table 31.

Table 31. Dithiocarbamate and ETU residues in processed conmodities from

sweet corn treated 5 tinmes with maneb at 9 kg ai/ha (5 - maxi mum | abel
rate) and harvested 4 days after the final treatnent (Bookbinder, 1989).

Commodi ty Di t hi ocar bamat e (r;§25i dues, ng/kg as ETU resi dues, ng/ kg
Kernel s (1l aboratory prepared) 0.21 0.01
Cobs + husks (| aboratory prepared) 4.2 0. 05
Kernel s (comerci al) <0. 03 <0.01
Husks (conmerci al ) 5.4 0.11
Cobs (commerci al) 0.76 <0.01
Bl ended husks and cobs (conmerci al) 3.4 0.04
Corn: cut, washed, blanched (commercial) <0. 03 <0.01

In a US (CA) 1987 processing study naneb (WP formul ati on) was applied

7 times at 5.4 kg ai/ha (2 - nmaxinum label rate) in a spray concentration
of 1.4 kg ai/hl to a tomato crop, which was harvested 3 days after the
final treatnent (Bookbinder, 1988r). Tomatoes (220 kg) were sent for
simul ated commerci al processing (Figure 4). Dithiocarbamate and ETU resi due
data for the tomatoes and processed conmodities are sunmarized in Table 32.

Tomatoes were peeled and filled into cans with fresh juice as the

packing medium then the cans were sealed and heated at 115°C for 50
m nutes to produce canned whol e t omat oes.
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Figure 4. Processing of tomatoes field-sprayed with naneb (Bookbinder,
1988r).

Tomat oes, raw,
unwashed

Wash (1-2 ppm chlorine)
and spray-rinse
Tomat oes, washed and
rinsed
Steam kettle,
91-96°C
Tomat o j ui ce
Filter
71°C, 50 min,
vacuum 115°C
Wet tonmat o ponace | | Tomat 0 puree | | Canned tomato juice
Dry tomat o ponace 50 min,
115°C
| Tomat o ket chup | | Canned tomato puree |
88°C
| Tomat 0 paste | |Canned t omat o ketchup|
88°C
| Tomat o j uice | | Canned tomato paste |
50 min,
115°C

Canned tomato juice
from paste

Table 32. Analysis of processed tomatoes for dithiocarbamates and ETU
(Bookbi nder, 1988r). The tomato crop had been treated 7 tinmes with naneb at

5.4 kg ai/ha (2 - maxi num | abel rate) and harvested 3 days after the final
treatnent. Residues are the means from analysis of 3 or 4 replicate
sanpl es.

Conmodi ty Di t hi ocar banat e ETU resi dues,
resi dues, ng/kg as CS; ng/ kg
Raw t ormat oes (unwashed) 0. 087 <0.01
Wet tomat o ponace 0. 07 <0.01
Dry tonmato ponmace <0. 03 0.031
Canned whol e t omat oes <0. 03 <0.01
Tomat o puree <0. 03 0.01
Tormat o ket chup <0. 03 <0.01
Tomat o paste 0. 03 0. 02
Tomat o juice (from paste) <0. 03 0.02
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Residues in the edible portion of food commodities

Renoval of the w apper |eaves from cabbages reduced naneb residue | evels by
an average of 30%

Renoval of the wapper |eaves from lettuce reduced maneb residue
| evel s by an average of 87%

Maneb residue levels in washed spinach were about 25% | ower than in
unwashed spi nach

Washi ng beans did not significantly affect the naneb residue |evels.

Maneb residue levels in apple juice were approxi mately 20-50% of the
level s in the appl es when no washing step was included in the process.

Maneb residue |levels in beans were reduced by 99%in produci ng canned
beans and baby food, and by 90% in producing frozen beans. Approxinately
12-16% conversion of maneb to ETU took place in the production of canned
beans and baby food.

Maneb levels in thick grape juice were approximately 5% of the levels
in the fresh grapes, but there was approximtely 55% conversion to ETU.
Maneb levels in raisins were reduced by 82% conpared with levels in fresh
grapes, with approxi nately 14% conversion to ETU.

Di t hi ocarbamates and ETU were both undetectable in white sugar
produced from maneb-treated sugar beet.

RESIDUES IN FOOD IN COMMERCE OR AT CONSUMPTION

Informati on was made available to the Meeting on dithiocarbanmate residue
surveys on food itens; the results are given in the mancozeb nonograph

METHODS OF RESIDUE ANALYSIS

Met hods for dithiocarbamates and ETU are al so described in the nonograph on
nmancozeb.

Hol stege and Westberg (1987) described the nmethod used in the US
trials for neasuring maneb residues. Maneb residues in the sanple were
converted to CS, by reaction with stannous chloride in acid in a sealed

tube at 100°C. An aliquot of the headspace was then analysed by G.C with
fl ane- photonetric detection (sulphur node). The limt of determ nation was
conmmonly 0.05 ng/kg (as naneb), or 0.03 ng/kg (as CS;). Recoveries were
usual |y good; instances of |ower recoveries are reported in the section on
supervised trials.

ETU residues in the US trials were neasured by HPLC with UV detection
(Rogers et al., 1989). The sanple was extracted with a water/ethano
m xture and the extract cleaned up on an alumina colum. The limt of
determ nation was 0.01 ng/kg. Difficulties were experienced with recoveries
from sonme substrates; instances are reported in the section on supervised
trials.

Sanples from trials in The Netherlands were analysed for
di t hi ocarbamates by the colorinmetric nethod of Keppel (1971) and for ETU by
an HPLC nethod (Lawrence et al., 1981). Limts of determnation were CS,
0. 01 ng/ kg, ETU 0.002 nyg/kg.
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NATIONAL MAXIMUM RESIDUE LIMITS

The Meeting was aware of MRLs established for dithiocarbanmates; a list is
i ncluded in the mancozeb nonograph

APPRAISAL

Maneb, first evaluated in 1967, was schedul ed for periodic re-evaluation at
the 1993 JMPR (ALI NORM 93/ 24A, para 133).

The Meeting received extensive information on GAP, supervised residue
trials, netabolic fate in farm aninmals and crops, fate during processing,
residues in food in commerce and at consunption, and nethods of residue
anal ysi s.

Wien [*C maneb ([ ethyl enedianine) was fed to |actating goats for
5 days at the equivalent of 50 ppm maneb in the feed, the total MC
residues in nmlk were close to a steady-state concentration by days 3 and
4. The levels in the norning mlk sanples, collected just before the daily
dose, were always considerably lower than in the evening sanples, which
suggested that levels in mlk would decrease rapidly when dosing ceased.
Total *C residues were distributed anong the tissues and nilk, wth the
hi ghest levels in the liver and kidney. Ethyleneurea, 1-(2- i m dazol i n- 2-
yl)-2-im dazol i di net hi one and et hyl enet hi ourea (ETU) were identified in al
the tissues and milk. The main primary netabolite was Jaffe's base (1-(2-
i m dazolin-2-yl)-2-imdazolidinethione). Mch of the C had been
i ncorporated into natural products.

ETU was identified in the goat tissues and nmilk. The levels of ETU by
direct chenmical analysis were: liver 0.075 ng/kg, kidney 0.050 ng/kg,
nmuscl e 0.035 ng/ kg, fat <0.01 ng/kg, mlk 0.037 ng/kg.

Wien [*Clmaneb (['C] ethyl enediamine) was fed to |aying hens for 7
days at the equivalent of 51 ppm maneb in the feed, the total C resi dues
in egg whites had reached a plateau by days 5-6 while the total *C in egg
yolk was still increasing at the end of the study. Total MC was
di stributed anong the tissues, but the highest levels were in the |iver and
ki dney. Et hyl eneurea was the rmain netabolite. Et hyl eneur ea, 1-(2-
i m dazolin-2-yl)-2-inidazolidinethione and ethyl enedianmine were identified
in all of the tissues, egg white and egg yol'k. Mich of the 'C had been
i ncorporated into nat ur al products.

ETU was identified in all of the tissues (except skin) and eggs. ETU
levels in tissues and eggs by direct chemical analysis were: |liver
0.14 ny/ kg, breast nuscle 0.044 ny/ kg, egg white 0.098 ng/ kg, and egg yol k
0. 039 ng/ kg.

Lettuce plants treated with foliar sprays of [™Cmaneb were
harvested and surface-rinsed with an EDTA solution to identify the
conponents of the dislodgable residue. Surface residues included mainly
maneb and the primary netabolites ethyl enebisisothiocyanate sul phide,
ethyl eneurea and ethylenethiourea. The identified metabolites in the
lettuce tissue included ethylenebisisothiocyanate sul phide, ethyleneurea
et hyl enet hi ourea, ethyl enedi ani ne and N- acet yl et hyl enedi ami ne. Am no aci ds
and protein were found to contain 'C, which denonstrated that netabolites
had been |nc0rp0rated into the natural carbon pool. ETU accounted for 7% of
the total *C residues in lettuce + rinsings, or 2.8% of the total C in
the rinsed |lettuce.

Most  of the C residues were in the foliage, with less than 0.3%in
the tubers, potatoes harvested 17 days after the final foliar
application of [ “Cl maneb. The primary netabolites constituted only a m nor
part, less than 9% of the residues in the tuber. ETU identified in the
potato peel, but not in the body of the tuber, (0.02 ng/kg tuber, by direct
chemical analysis) was thought to be the result of contam nation rather
than of netabolism The metabolism may be interpreted in ternms of a
relatively rapid conversion of the prinmary netabolites to a common plant
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met abolite such as glycine, which provides the nechanism for the *C to be
i ncorporated widely into natural products.

In a nmetabolism study tomato plants were treated with foliar sprays
of [YClmaneb and harvested 24 days after the final application for
metabolite identification and analysis. Mch of the 'C residue (49-63%
was di sl odgable and was renoved from harvested tonatoes when they were
washed with a 1% EDTA solution. Maneb and EBIS (ethyl enebi si sot hi ocyanate
sul phide) constituted the major part of the dislodgable residue; nost of
the ETU residue in the whole tomatoes was dislodgable. EBI'S was the mgjor
netabolite identified in the whole tomato. The processes in tomato
met abol i sm are sinmilar to those in the other crops studied. The C enters
the netabolic carbon pool probably via glycine, from which it is
i ncorporated into natural products.

Maneb is registered as a protective fungicide for use on pone fruits,
stone fruits, berries and other small fruits, tropical and subtropical
fruits, bulb vegetables, root and tuber vegetables, Brassica vegetables,
| eafy vegetables, stalk and stem vegetables, fruiting vegetables, |egune
veget abl es, cereals, and tree nuts in many countries.

Typi cal spray concentrations for high-volume application are
0.15-0.3 kg ai/hl, and typical application rates for a w de range of crops
are 1.3-3 kg ai/ha.

The Meeting received residue data from supervised trials on the
followi ng crops and commodi ti es:

appl es (Netherlands, USA), peaches (USA), grapes (USA);

oni ons (USA, Netherlands), broccoli (USA), cabbage (USA), cucunbers
(UsSA), waternel ons (USA), endive (Canada), kale (USA), lettuce
(Canada, USA), beans (USA), peppers (USA), sweet corn (USA),
tomat oes (Netherlands, USA), pot at oes (Netherlands, UK, USA), sugar
beet (USA), celery (USA);

barl ey (Netherlands), wheat (Netherlands, UK, USA), alnonds (USA);

barley straw (Netherlands), mai ze forage (USA), wheat straw
(Netherlands, UK) bean vines (USA), alnond hulls (USA), sugar beet
tops (USA).

Di t hi ocar bamat e resi dues are expressed as ng CS,/ kg throughout.

The residue data on apples from The Netherlands could not be
eval uated because the recommended use pattern was expressed in terns of
spray concentration while the trial use pattern was expressed in terns of
application rate. The US apple trials did not neet GAP conditions because
the longest treatnent-to-sanpling interval in the trials was 30 days, but
the US recomrended use pattern requires a 77-day PHI

Peach trials in the USA could not be evaluated because GAP
informati on was not avail abl e.

The highest residues in grapes were 1.8 and 1.9 ng/kg in US trials
where maneb was used within GAP conditions. The Meeting estinmated a naxi num
residue level of 2 ng/kg for maneb uses on grapes.

Maneb use on green onions according to US GAP resulted in residues up
to 7.4 ng/kg. The Meeting noted that analysis of a control sanple of green
oni ons produced 0.5 ng/kg as CS,, probably resulting from endogenous CS,.
The Meeting estimated a naxinum residue level of 10 ng/kg for spring
oni ons.

The maneb application rate to bulb onions in Netherlands trials was
2.4 kg ai/ha, which is higher than the Netherlands recomended rate of
1.6 kg ai/ha. Residues in bulb onions are likely to arise from inadvertent
sprayi ng of exposed onions; the application rate will not be so influential
on the residues. Dithiocarbamate residues in onions from the Netherlands
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trials were low (0.1 ng/kg and | ower).

The reconmended PHI in the USA for bulb onions is 7 days, but in the
trials onions were harvested on the same day as the final spray and the
results could not be evaluated against the recommended use pattern. The
Meeting noted the repeated detection of CS, in control sanples at levels up
to 0.13 ny/ kg.

Broccoli in US trials was sanpled 3 and 4 days after the final naneb
application, but US GAP specifies a PH of 7 days. The Meeting noted the
detection of CS, in control sanples at levels up to 0.55 ng/kg, which was
consistent with other analyses on control broccoli (up to 0.79 ng/kg as
CS;). The Meeting did not estimate a naxi mum residue |level for broccoli
because of the linmted nunber of trials. It drew attention to the
endogenous CS, levels in broccoli and possible endogenous CS, in related
crops.

The hi ghest residue in untri med cabbage from US maneb trials in 1987
was 10 ng/kg, but residues in that trial seemed nuch higher than the
others. These trials and four others in 1989 and 1990 also included
anal yses of trinmmed cabbages; renpval of the wapper |eaves reduced maneb
residue levels by an average of 30% The highest residue in a control
sample was 0.59 ng/kg, suggesting that endogenous CS, levels could be
simlar to those reported for broccoli. The Meeting estinmated a maxi mum
residue level of 5 ng/kg for maneb uses on cabbage and noted that the
correct portion of the sample for analysis included the wapper |eaves
unl ess obviously withered or decayed.

Di t hi ocar bamate residues in cucunbers exceeded 1 ng/kg in one trial
when maneb was used according to GAP in a series of trials in the USA in
1987 and 1989. The Meeting estimated a maxi numresidue |evel of 2 ng/kg for
maneb uses on cucunber

The highest dithiocarbamate residue in waternelons was 0.57 ng/kg
when maneb was used according to US GAP. An experinent in one trial
denonstrated that residues existed exclusively on the peel and not in the
pul p. The Meeting estimated a maxi num residue level of 1 ng/kg for maneb
uses on wat er el on.

Residues in kale froma series of supervised trials in the USA during
1987 were typically in the 4-8 ng/kg range, but the highest were 14 and 28
ng/ kg. The questionable aspect of this trial was that residues on day 10
after the final application were somewhat higher than on day 7. The
di stribution of the results suggested that residues up to 15 ng/kg woul d be
possi ble. The Meeting estimated a maxi num residue level of 15 ng/kg for
maneb uses on kal e.

Supervised trials data from Canada and the USA were made avail able
for uses of maneb on lettuce, leaf lettuce and cos |lettuce. The commodity
described as lettuce was taken to be head |ettuce. The highest residues in
the US trials on lettuce were in the 5-7 ng/kg range. The hi ghest residues
in cos lettuce fromthe Canadian trials were in the 6-9 ng/kg range. Only
one trial was specified as leaf lettuce and residues were just under 1
ng/ kg. The Meeting estimated maxi mum residue |evels of 10 ng/ kg for uses of
maneb on cos lettuce and head | ettuce.

Sanples fromthe US trials on lettuce were analysed with and w t hout
wr apper | eaves. Renpbval of the wapper |eaves reduced residue |evels by an
average of 87%

US maneb trials on spinach could not be eval uated because no US GAP
was available. The trials denonstrated that maneb residue levels in washed
spi nach were about 25% | ower than in unwashed spi nach

The official PH for maneb use on beans in the USA is 30 days; the
PH in the trials was 4 days so no MRL could be recomended. Washing the
beans did not significantly affect the dithiocarbamate residue |evels.

The use of maneb on sweet peppers in US trials in 1987-89 typically
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produced residues in the 0.2-1 ng/kg range. The Meeting estinated a maxi num
residue level of 1 ng/kg for maneb uses on sweet peppers.

For sweet corn in the USA the registered application rate and PH are
1.3 kg ai/ha and 7 days. The use pattern in the trials was 1.8 kg ai/ha
with 4- and 5-day PHI's; consequently, a maxi mum residue |evel could not be
esti mat ed.

The highest dithiocarbamate residue in tomatoes arising from naneb
use within US GAP was 2.0 ng/kg. Mst comonly, residues were in the
0.1-0.5 ng/kg range. The Meeting estimted a naxi mum residue |evel of
2 ng/kg for the use of maneb on tonatoes.

Potato trials from The Netherlands could not be evaluated because
application rates were double the official rate, 1.6 kg ai/ha, and because
Net herl ands GAP did not specify a PH . Residues in potatoes in UK trials
were undetectable (<0.01 ng/kg) with application at recomrended rates and
doubl e recommended r at es.

In 8 of the 9 US naneb trials on potatoes residues were not detected
(<0.03 ng/kg), and in the other trial residues of 0.23 ng/kg were recorded
for one plot. Maneb residues are generally imobile in the plant and
resi dues on the tuber are only likely to arise if tubers are exposed above
the soil during spraying. The Meeting estimated a maxi mum residue |evel of
0.2 ng/ kg for naneb uses on pot at oes.

In one sugar beet trial in the USA residues were nuch higher than in
the remaining trials. Residues in the sugar beet tops up to 76 and 88 ng/ kg
seened excessive for an application rate of 1.8 kg ai/ha. The Meeting was
unable to estimate maxi num residue levels for sugar beet or sugar beet
| eaves and tops because the nunber of trials was too snall

Supervised maneb trials on celery in the USA and barley in The
Net herl ands coul d not be eval uated because no rel evant GAP was avail abl e.

When nmaneb was used within GAP on wheat in The Netherlands and the UK
di t hi ocarbamate residues were nmostly undetectable or in the 0.01-0.05 ng/ kg
range. The highest residue (0.65 ng/kg) from one plot of a trial in The
Net her | ands appeared to be anonal ous; residues in wheat fromthe other pl ot
in the sane trial were undetectable (<0.01 ng/kg). The Meeting estimted a
maxi mum resi due | evel of 0.2 ng/kg for the use of nmaneb on wheat.

Residues in alnonds from maneb trials in the USA were nostly
undetected (<0.03 ng/kg). The Meeting estinmated a maxi mum resi due |evel of
0.05 ng/ kg for alnonds fromthe use of maneb

Resi dues in wheat straw from The Netherlands and the UK ranged up to
2.1 nmg/kg for registered uses of naneb. The Meeting estinmated a maxi mum
residue level of 5 ng/kg for wheat straw and fodder, resulting from maneb
uses.

GAP information was not available for naize forage or bean vines, so
trials data could not be evaluated for MRL purposes. Barley straw data from
Net herlands trials evaluated against registered wheat uses supported the
esti mated nmaxi num residue level in wheat straw and fodder resulting from
maneb uses.

Many of the residues in alnond hulls were in the 3-10 ng/kg range in
US naneb trials on alnonds, but the distribution of results suggested that
residues in the 10 to 20 nmg/kg would be likely from use according to GAP.
The Meeting estimated a maxi mumresidue | evel of 20 ng/kg for alnmond hulls.

Processing studies were nade available to the Meeting on apples,
beans, grapes, sugar beet, sweet corn and tonatoes.

Maneb residues in apple juice were approximately 20-50% of the |evels
in appl es when no washing step was included in the process. Mneb residues
were retained in the pomace fraction. ETU residue levels in the juice were
lower than in the raw comuodity.
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Beans field-treated with naneb were passed through a sinulated
conmer ci al process to produce canned beans, frozen beans and pureed beans
(baby food). Dithiocarbamate residue |levels were nuch reduced in frozen
beans and were at very low levels in canned beans and not detectable in
baby food. Heat was wused in the production of these comodities;
consequently ETU was produced in all of them

In the processing of naneb-treated grapes dithiocarbanmate residue
levels in wet pomace and thick grape juice were approximtely 60% and 7%

respectively of the level in the raw grapes. Juice was heated at 82-85°C
bef ore being separated into thick juice and clear juice. The heating caused
substantial conversion to ETU, the level in the thick juice being 5 ng/kg.

Dithiocarbamate and ETU residues were not detectable (<0.03,
<0.01 ng/kg respectively) in white sugar produced from sugar beet field
treated with exaggerated application rates (tenfold) of naneb in the USA

Dithiocarbamate and ETU residues were not detectable (<0.03,
<0.01 ny/ kg respectively) in sweet corn (cut, washed and bl anched) produced
in a comercial process from sweet corn field-treated with a fivefold
application rate of naneb in the USA

Di t hi ocarbamate and ETU residues were at or about limts of
guantification (0.03 and 0.01 ng/kg respectively) in canned whol e t onat oes,
tomato puree, tomato ketchup and tomato juice conmercially produced from
tomatoes field-sprayed with naneb at twice the recommended application rate
in the USA. It is likely that the first step, comrercial washing, reduced
residue | evels substantially.

No freezer storage stability studies for nmaneb were avail able.
Because of the nature of the residue the Meeting agreed that the results of
the storage stability studies for nancozeb would al so apply to maneb.

Informati on on dithiocarbanmate surveys of food itenms is included in
t he nonograph on nancozeb.

Anal ytical nethods for maneb residues rely on conversion by acid
hydrolysis to CS,, which is then neasured colorinetrically or by GC.
Information on nethods for dithiocarbamates and ETU is included in the
nonogr aph on nancozeb.

RECOMMENDAT IONS

The recomendations for naneb are included in the nonograph on
di t hi ocar bamat es.
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Cross-i ndex of report nunmbers, study nunbers and references.

Reports and studies are listed in nunerical and al phabetical order and each
is linked to a reference. Reference nunbers are signified by # nunbers

Report nunbers in the data tables where there were only summary data or
reports without authors or report titles are not included in this
cross-i ndex.

024 #12 28- VAN 88029 #14 61G 89 #53

028 #12 28- VAN 88030 #15 61H- 89 #53
10688 #25 28- VAN 88031 #16 62A-89 #54

10A- 88 #38 28- VAN 88032 #17 62B-89 #54

10B- 88 #38 28- VAN 88036 #20 62C- 89 #54

10C- 88 #38 28- VAN 88037 #21 62D-89 #54
13588 #31 28- VAN 88185 #29 62E-89 #54
20787 #5 28- VAN 89060 #31 62F-89 #54
20887 #5 28- MET/ 88020 #6 88137 #30

20987 #5 28- MET/ 88034 #18 BR-88-13 #43
21087 #5 28- MET/ 88035 #19 BR-88-15 #41
21187 #7 36A-88 #43 BR-88-16 #38
21287 #7 36B-88 #43 BR-88-17 #39
21387 #7 36C- 88 #43 BR- 88- 28 #60
21487 #7 36D- 88 #43 BR-88-29 #1
21587 #8 37-88 #39 BR-88-30 #59
21687 #7 37A-88 #39 BR-89- 05 #44
21787 #23 37B-88 #39 BR-89-07 #55
21887 #24 38A-88 #41 BR-89- 08 #45
21987 #8 38A-89 #49 BR-89-09 #42
22187 #10 38B-88 #41 BR-89-10 #46
22287 #10 38B-89 #49 BR-89-12 #47
22387 #10 38C- 88 #41 BR-89- 13 #48
22487 #10 38C- 89 #49 BR-89-14 #49
22587 #8 38D-88 #41 BR-89- 15 #50
22687 #2 38D-89 #49 BR-89-16 #51
22787 #2 38E-88 #41 BR-89-17 #52
22887 #2 38F-88 #41 BR-89- 23 #53
22987 #3 38G 88 #41 BR-89- 24 #54
23087 #3 38H-88 #41 BR-90- 30 #56
23187 #14 381 -88 #41 HLA6120- 135 #34
23287 #8 38J-88 #41 HLA6120- 135 #60
23387 #28 38K-88 #41 HLA6120- 136 #59
23487 #22 38L-88 #41 HLA 6120- 137 #1
23487 #28 39-88 #40 | CAR 84100761 #57
23587 #29 39A-88 #40 M_88- 0040- PEN #43
23587 #15 39B- 88 #40 MTF- 88AM 004 #58
23687 #15 39C 88 #40 MTF- 88AM 005 #33
23787 #15 39F- 88 #40 QA00011/ R52628 #32
23887 #15 4- VAN 88172 #22 R098901 #60
23987 #15 4- VAN 88173 #24 RPT0016 #62
24087 #17 4- MAN 88173 #23 RPT0019 #61
24187 #17 4- VAN 88174 #25 XBL 88003 #61
24287 #17 4- VAN 88175 #26 XBL 88004 #62
24387 #17 4- MAN/ 88176 #27 XBL89007 #63
24487 #20 4- MAN/ 88177 #28 XBL89007 #59
24587 #20 40- VAN 89050 #30

24687 #20 43B- 89 #46

24787 #20 43E-89 #46

24887 #10 43J-89 #46

24A-90 #56 43L-89 #46

24B-90 #56 46B- 89 #48

24C- 90 #56 46J-89 #48

24D-90 #56 46L-89 #48

24E-90 #56 47A-89 #45

24F-90 #56 47B-89 #45

25087 #7 47C- 89 #45

25187 #9 48A-89 #51

25287 #2 48B-89 #51

25387 #5 48C- 89 #51

25387 #2 48D- 89 #51

25487 #21 49A-89 #50

25587 #26 49B- 89 #50

25687 #4 49C- 89 #50

25887 #4 50A-89 #52

25987 #16 50B- 89 #52

26187 #16 50C- 89 #52

26287 #16 51A-89 #47

26387 #4 51B-89 #47

26587 #14 51C 89 #47

26687 #13 52A-89 #55

26787 #27 52B- 89 #55

26987 #13 52C- 89 #55

27187 #13 53A-89 #42

28- VAN 88015 #2 53B-89 #42

28- VAN 88016 #3 53C- 89 #42

28- VAN 88017 #4 54A-89 #44

28- VAN 88019 #5 54B- 89 #44

28- VAN 88021 #7 54C- 89 #44

28- VAN 88022 #8 61A-89 #53

28- VAN 88023 #9 61B-89 #53

28- VAN 88024 #10 61C- 89 #53

28- VAN 88025 #11 61D-89 #53

28- VAN 88027 #12 61E-89 #53

28- VAN 88028 #13 61F-89 #53
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