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201: PERCENTAGE FAT, WATER, AND SUGARS IN FOOlS
Methods in 0Iaptera S and 4 are usually deaignated • appJkable to either faI1y
(>2%) or nonfatty (<2%) foods. In addilion.1OIDC methods for nonlimyfoods
include a1~mativeextraction lItCpI, choice ofwbich is dJaated by the~
water or sugars in the producL To fadljta~proper~lionofthClC
this table provides percenlllge fat, water. and sugars raw lIpkuIturaI C'OIIlIIICMIi-
lies and some proc:CllCd foods.
Data were obcained from the following II01D'US:

USDA Nutrient Data Base for Slandard Referenc:e. JleIeue 8 and Rdelle 9.
U.s. Depanment ofAgriculture. Washington. DC
Home Economics RCICarch Report No. 48, "SuaarCon~t olSeleaed
Foods: Individual and Total Sugan,' Tables I. S; and 4, Stock No.001~
04515-8. Gavemment~ 0fIice. Wubington, DC 20402; obcained by
download from buDeIin
Pem.on. P. Oan.I994). private communicalion
Smith.J.5.. Ilal. (1986») FtJotlSd. 51.1S7S-1S75

Notes on the information in this table:
For the comenience ofmA field personnel, 0fIice olRegulatoryAfEIIn
(ORA) product codes are incJudecl for IDOIt commodi_ and comrnodi­
IiCI are grouped by the _ e:ategoriea UIed to aeate the codes. (Product
codes are thOle UIed in the IDA reponing IJlIleID; these are not the IlIIIlC
codes 1Ded by USDA to identify commod!IiCI in the Nutrient Data Base.)
Within each subc:aregory.ltemI are IOJ1ed aIpbabetlca1ly by name of the
commodity.
Names ofcommoditiel, including aIJbrevIaIions, are thOle 1Ded by USDA
Nutrient Data Base.
PercenIllgC sugars icprCICDIS the sum ofone or more mono- and dJsacxb.
rides. Data are not avaI1ab1e for lIlI commodities, but the table wDI be
updated in the future • data become avaI1ab1e.
For IOIDC commodides, sum ofpercent fat, water. and sugars DIll)' CYJ! eed
100%; this is ca1Ded by the fact that data were deft10ped at diffiaent times
on different 1lIDIples.

201-1



SECTION 201

Code C .,
p p"" AIw';!' ... MInIIII \IbL I

".....
02:GRAJNS

A:wboIe",
02Ml2 bufey,~.....
02MI9 lIud<wbeatsn-.....-I, dry
O2MlI com. dry
02MI9 COO'"'XIUI, dry
O2MlS _braD......
0!MlS 0811

02MK J>OPClOiD; unpopptd
0fMJ7 rye
fl2A.08 lOIJhum
02Ml6 wild ric:e, .....

....... IDOOII ............pn1 •
028-41 com 1Iour, _ earIched
028-41 ..... 1Iour, wbal. gniD. wbite
028-41 com 1Iour.~,..now

e: .........
O2COI rice 1Iour. blown
O2COI rice 1Iour, wbite

0:.,..........1 ,. *
0!D99 rice crude
~I ric:e, 1oatf1paID. .....
021)41 rice mediuJD.snia. raw
~IO ricJe, while, gb.""ouI, .....
02D4S rice. while, 1oatf1paID. porboiIed. dry, earIched
02D4S ricJe, while, "",",aiD. JlI1lCIDOkd...~l, earIcbed. dry
02D4S ric:e, while, "",",aiD. n:pbIr, raw. earIched
0IDGl! rice, while, JDedium.piD. c:oc>bd" earIched
0ID0.5 rice, wbitIe. merlh....... raw. earIched
0IDGl! ricJe, while, JIM""h 'lI'aiD. raw, IIIIOIIIiched
02D4S rice, while,~ai4. ...... emld!ed

1': ............ ' 7

0fF.Gf en -, eDricbed

G: ........../ ....... a' •
02G02 lIud<wbeat
0JG.02 lIud<wbeat flour. wbc:le pc.t
02&10 rye 1Iour, dlIIIr.
02&10 rye flour, IiPt
02&10 rye 1Iour. medium

1.11
t.n
l!.O8
O.M
7.OS
6.9
..7
t.5
s.s
1.08

5.78
ll.86
ll.86

US
l.42

20.85
t.9l!
t.68
0..!5
OM
0.29
0.66
OJ!I
0.58
0.58
fI.52

l.ll!l

ll.4
ll.l
UB
UI
1.77

UUl!I
8..1

10
8.!i6
6.55
8.22
9.8

ICl.95
9.2
7.76

9.05
ICI.91
ICI.91

II.97
II.8!I

6.Il1
IfI.S'1
IU'7
10....
10.168.1.
11.62
68.61
I2.8!I
I2.8!I
1ll.29

11.67

9.'15
II.IS
II.07
8.78
9.85

•
•
•
•
I .•

•
•
•
•

•
•
•

•
I

CI.9
0.7
0.7
•
•
•
0,5

G.2
0,5

0,5

•

•

•
•
ll.5
ll.5
ll.5
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8:__.. ' •

02H-99 u.OWiOOt flour
02H4l2 ....-n:h

D9:DAJRY
A: '
IJ9A.OI _/oak
IJ9A.OI buDer: w/oak
IJ9A.OI buDer: wbIppcd

0.1
0.05

81.11
81.11
81.11

1l.S'1
8.S2

17.9f
15.87
15.87

"....
•
•

•
•
•

e:.-v_
0!IC07
lJ9C.15
lJ9C.15
lJ9C.15
lJ9C.1S
lJ9C.12
0!ICGf
0!lC0S
0!lC0S
lJ9C.16
0!IC09
0!IC09
lJ9C.12

cram: 8uid. lidIt baIf; cramlllld mID:.
cram: 8uid. helny wbIJIping
cram: 8uid.lipt wbipping
cram: 8uid. JIgbt, aJftiee 1UIe
cram: 8uid. med!mn. 25 &t
cram: lidIt baIf; c:uItured

qpog
milt: cow. CDd.,.....1 d. "iCC d
mill:a., CDd, CUapooaled, ..DO , I Led, w/8dded VJt. A
mill: a., dry, wbaIe
mill:a., wbaIe, J-llllld nw. 8uid. u ... &t
mill:a., wbaIe, J-llllld nw, BuId, 5.~&t___aam

11.5
57
lIO.91
19.51
25
12
7.48
8.7
7.56

t6.71
lI.Sf
5.66

20.96

80.57
57.71
lI!l.5
7175
68.5
8O.If
7U7
rU8
7foOf
2.f7

87••
87.69
'10.95

•
u
u
•
•
•
•
•
•
!l5.ll
f.9
f.9
•

D:.r.t....... he
CJ!lD.OS mill: CDII, CDd, cu4'JlUOd, .....
09J).16 mill:a.. dry, sIdm, calci"m reduced
09J).16 miD:: a., dry. sIdm, IIOIIfiIt IlltidI,~ w/8dded Vit. A
0!lDG9 miD:: a.,1-at, J-llt nw, 8uid, I'" &t
0!lJ)(J9 miD:: a.,1-at, J-llt nw. BuId, 2S &t

...-hi........ '
O9EOI mill: buaamiIt, 8uid, cultured. hill ...... mID:.
lJ9E.16 mill:a., dry, sIdm, IIOIIfiIt IOtidI, rquIar, w/8dded VJt. A
lJ9E.ll mill: a., sIdm, J-llt nw, 8uid, w/8dded V1L A

12:Q£ESE
A: 'd.....
12M!! chaIe: IIIItUdI, blue
I2MIS chaIe: IIIItUdI, bridt
12M16 me-: IIIItUdI, brie
12M16 me-: IIIItUdI, """",,ben, domeIdc
12Mi7 me-: IIIItUdI, C8IllWaf
12M15 chaIe: IIIItUdI, cheddwr , Ameriam"m d
12Ml6 chaIe: IIIItUdI, ooIby

0.2
0.2
0.72
1.06
1.92

0.88
0.77
0.18

18.7f
19.1l8
27.68
M.l6
29.2
S5.lf
!l.ll

'l9.f
fo9
5.96

90.08
89.11

90.15
U8

9G.8

fl.fl
fl.l1
f8.f2
51.8
!9.28
56.75
lI8.2

•
•
5O.f
•
•

•

•
•
•
•
•
1.8
•
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PlocIw:t
Code C

lllA-ll
12Ml2
12Ml2
ItM19
lIlA-IO
lIlA-12
lIlA-16
lIlA-18
12A-S7
12A-S8
12A-39
I2A-tO
12/rft
12Mi2
12A-44
12A-f7
1l!A-t9
I2MiO
12Mi2

iIIt,

cbeae: IIlIlUJa1, COlIlIfl't. ueamed, ...... or IIIIlIII curd UI
cheese: IIlIlUJa1, COlIlIfl't. IcMliIl, HUll 1.01
cheese: 1IlIlUJa1,....... 1cMfat. K liIl l.!IS
cheese: IIlIlUJa1, COlIlIfl't. unueamed, dry.......or IIIIlIII curd 0.42
cheese: IIlIlUJa1, cram M.8'1
cbeae: IIlIlUJa1, cdIlIn 27.8
cI-= IIlIlUJa1, soucJa 27.44
cI-= IIlIlUJa1, pupere !U4
cI-= DlIlUnI.IimbuqJa" 27.15
cI-= IIlIlUJa1, IDOIlI£R)' llO.28
cbeae: IIlIlUJa1,m_ !OM

cbeae: JWUn1. -*"""" IUS
cheese: IIlIlUJa1, l'armam, sraIed !Cl02
cI-= IIlIlUJa1, pan de sahlt 28.2
cbeae: IIlIlUJa1, JII""'lIoae 26._
cbeae: IIlIlUJa1, I<IIIIlIIIO 26.!M
cI-= IIlIlUJa1, RDqueCon !O.lH
cbeae: IIlIlUJa1, Swill, domeodc 27.411
cbeae: IIlIlUJa1, liWl, wboIe mill 25.98

"w- "...
78.96 0.6
8UB •
'/'9.31 •
79.77 •
5175 L7
f1.56 •
fl.f6 •
3U9 •
..42 •
fl.OI •
fl.77 •
llUI I
17.66 •
4li.411 •
fO.ll5 •
!O.91 •
!9.38 •
37.21 1.2
42.86 •

12C99
12C-12
I2COf
12C99
12C-06
12C-06
12C-06
IICG6
12C-ll
12C-ll

• 7 dclle8e.... ' e

1541 ~ food: a>Id peck.Amerian
12&G9 ~fOod:..-..n-t...... UIw..
12&G9 cheese: .-embedproc ~ I !~. Amerian. w/cli Na pbao
12&-1S cbcae: paolelIriIed JI"" oil, Swill, w/cli Na pbao

e: ••_ ...,......... }II' ,

cI-= IIlIlUJa1, cheshire
cbeae: IIlIlUJa1, fela
cI-= IIlIlUJa1, fao1tiIIa
cI-= IIlIlUJa1,me-
cbeae: JWUn1. 8M L put milk
cbeae: 1IlIlUJa1,.... ella, put mn, IcMIIlCIiIlun:
cI-= 1IlIlUJa1,.... ella, wboIe milk
cI-= IIlIlUJa1, _ ella, wboIe mn, low JIlCIiIlure

cI-= IIlIlUJa1,n.-.put ..... milk
cbeae: JWUn1. ricoIbI. wboIe milk

24.46 41.12
N.lf 41.67
31.2S 39.16
25.01 fUI

!0.6 37.65
21.28 !is.22
31.lf 37.92
29.51 11ff
15.92 55.78
17.12 48.57
21.6 kIf
N.lH fUll

7.91 7..fl
lUll 71.7

•
•
•
•

•
•
•
•
•
•
•
•
I.f
1.5

13: aaEAM. ETC.
kkle_
1SMl2 ice cram: FreadI,-ma,1Oft_
1!IMl3 iceuam: 'I'8IIiL, rqpdar. appE IK liIl
1SMl2 ice cram: 'I'8IIiL, rich, appE 16$ liIl

1102
10.77
16

59.76
80JI
58.87

..-
•
17.5
17.5

•

201-4
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PIvda:t
Code C PI] "w- "....

lUI' •

1.98 66.0'1 •

14: MILK PRtDUCTS
"10'.'....' ..0 .............

14&99 aam adMdn_IlODdlliry.1Iquid, w/hydr""olIleeorJII'C*ID9,l1'1
14&99 aam pdMdn_IlODdlliry.1Iquid, w/lauril: IIdd ollie Nac-. 9,9'7
148-06 aamp~llODdlliry.powcIaed 3U8

77!¥1
77!¥1
U1

•
•
•

•
•
•

•
•
•
•

•

•
•

0 87.81
10.0t 'IUS
13.77 'llUD
1U'1 70.0

GU8 U6
30.87 f8.81
l!6.01 511

11,11 711
3:31 81,75

13 !1.86

-=' ; 'h_/ n 7 ."1' e
15E4!l qg pdwdn 1iooeD
1!1E99 qg p.t.ojn 1iquId
1!1E99 qglUboli"'" powcIa"

15: E935 AN) EGG PRtDUCTS
A: .......
I!IMII "lIP' ch!ckcn, wbiIe, raw. fiah IIIld IiooeD
I!IMII "lIP' cbjrIrrn. wboIc, raw. fftsh, IIIld IiooeD
15MlS "lIP' duck, wboIc, fftsh, raw
1!iMl9 "lIP' soc-. whole. fftsh, raw

"~"I* ' 7
1~ "lIP' cbjrIrrn JOB:, dried
1~ "lIP' cbjrIrrn JOB:, raw, fiah
1~ "lIP' cham JOB:, raw.1iooeD

16:RSH
A: .....
16Ml1
16M13
16M13
16M15
16M1!1
16Ml8
16M19
IM-IO
1M-48
1M-It
1M-It
1M-I!
1M-I.
16Mi1
1M-13
1M-IS

filh/thrDfioh'~. J!unIpan. raw
fiIh/"'eJU!sb' t-, fiahwaler. mbled opeda. raw
filh/1heJIfioh· t-, Ilriped. raw
ftIb/"'eJU!sb.1lIuelIIh, raw
fiIh/"'eJU!sb' burboc. raw
flsh/"'eJU!sb' buaafiIb, raw
ftIb/"'eJU!sb' cup, raw
filh/sheDfWr cadIIb. ch"""CI, raw
filh/sheDfWr ciIco, raw
filh/"'eJU!sb' c:od, Adaalic, raw
fiIh/"'eJU!sb; c:od, P8ciIIc, raw
filh/IheJIfioh' croUeI". Adaalic, raw
fiIh/"'eJU!sb; CUll, raw
fiIh/"'eJU!sb' doIpIrir&h raw
fiIh/"'eJU!sb; drum, fiahwaler. raw
fiIh/"'eJU!sb; eel, mbled opeda. raw

fM
S,89
U3
Uf
0.81
a.ot
U
U6
1.91
0..67
0.85
117
0..89
0,7
US

11,66

7U7
7U6
79.Il!
70.86
7U6
7..13
71,51

7U8
7ll.9!I
BUt
8U8
78.05
'76.S5
77.511
77.35
li8.I6

0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0
0..0

201-5
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Prodnrt
Code C ...., ".. "w.. "....
IM-16 filhlWIIfIoh· fIadiob (flounder UId IllIe opocial..... 1.19 7!1.06 0.0
IM-17 fiIb/WIIfIoh' grouper. mlad opocia, .... 1.02 79.21 0.0
IM-18 fiIb/WIIfIoh' bw'lIocl, .... 0.72 ?!I.9l! 0.0
IM-20 filb/WIIfIoh· baIIbut, Adanlic UId Padfic, .... U9 77.9t 0.0
IM-20 fiIb/1hdIfiIb: halibut, GreeD1IDd, .... 11M '10.t'1 0.0
1M-II filb/WIIfIoh'1IeniD& Adandc, .... 9.1N '7l.05 0.0
1M-II fiIb/tbeJIfiob'lIeniD& Padfic, .... 15.88 71.51 0.0
16ov.19 filb/WIIfIoh·1iDg. .... O.M ?!I.65 0.0
16ov.19 fiIhItbeJIfiob·1iDpxI, .... 1.06 81.05 0.0
IM-U filb/I!MoD!job·1IIlId<I:m. Adanlic, .... 1!1Jl9 6ll.55 0.0
IM-U fiIb/tbeJIfiob·1IIlId<I:m.1dDg, .... I 75.85 0.0
IM-tt filb/1hdIfiIb: IIIlId<I:m. Padfk: UIdjId, mlad opocia, .... 7.89 '10.15 0.0
IM-U fiIb/WIIfIoh·lIIlId<I:m.lifmriob..... 6.!1 71.67 0.0
16Mi!1 fiIh/'!MoD!job. ·'Nidl. raw 6.75 ?0.85 0.0
16ov.19 fiIhIobeJIfiIb·1!!O!IkfiIb..... 1.52 8!I.M 0.0
IM-2f fiIb/ohdIfIob' ocean pen:h. Admlic, .... 1.65 78.7 0.0
160\-25 fiIhItbeJIfiob· pike.1ICIftbem, .... o.llII 78.9t 0.0
160\-25 fiIhIohdIfIob· pike. wane,e..... 1.21 79.51 0.0
16M8 filb/obeJIfiIb· poDod<. Adanlic, .... 0.98 78.18 0.0
IM-28 8oh/tbeJIfiob· poDod<. ......... 0.8 81.56 0.0
1~ fiIb/ohdIfIob' J"""P""Oo FIarid8. .... 9047 71.12 0.0
16ov.19 fiIhIohdIfIob· pout. _ raw 0.91 8U6 0.0
160\-2f fiIb/obeJIfiIb' mddiob. Padfic, mlad opocia, raw 1.57 ?!I.t6 0.0
16oYO fiIb/ohdIfIob' ftlUIby. 0IlIIIll'"..... 7 75..9 0.0
160\-51 filh/ohdIfIob~ saNrfhh. raw 15.5 71.02 0.0
160\-52 filb/WIIfIoh· 18bnon. Adanlic, .... 6.M lI8.5 0.0
160\-52 fiIhIobeJIfiIb· -Imon. cb!pook, .... 10.44 7!1.17 0.0
160\-52 filb/ohelJfioh· ........... chum, .... 177 75.58 0.0
160\-52 fiIhIohdIfIob· ........... c:obo, .... 5.95 '7l.65 0.0
160\-52 8oh/ohdIfIob' Almon. piDt. .... 1e 7lL!I5 0.0
160\-52 fiIhIohdIfIob· D!nwm•...,..."." .... 8.!16 '1O.tf 0.0
16ov.19 8oh/ohdIfIob' ........... t.7!I 75.!1'1 0.0
IM-IN fiIb/ohdIfIob' _ ...mlad opodeo. raw I 78.t7 0.0
IM-f7 filb/ohdIfIob· ............ mlad opecia, .... !I.lIl 78.09 0.0
160\-21 filb/lhe!Jfioh' oh8d, Amaiclll, .... 1177 lIlI.19 0.0
IM-l15 8oh/ohdIfIob' ohm. mlad opodeo. .... 4.51 '1!1.58 0.0
16ov.19 8oh/ohdIfIob' obeepIbad, .... 1.41 77.97 0.0
IM.0!6 fiIhIohdIfIob·1IIIdr. 1lIiDboor..... 1.42 78.77 0.0
16ov.19 8oh/ohdIfIob' .......... mlad opecia, .... 1.M 76Jl7 0.0
IM-!19 fiIhIohdIfIob·1pOC. .... ..9 75..9!1 0.0
IM-fO ftoh/ohdIfIob· ..........mlad opocia, .... "IN 78.55 0.0
IM-fl fiIhIohdIfIob· oucI<er. wid....... Ut ?!I.n 0.0
16ov.19 fiIhIohdIfIob· 1IIIdiIb. P""I'"b If raw 0.7 79.5 0.0•
IM-f2 8oh/ohdIfIob' ....dfiob, .... f.Ol 75•• 0.0
16ov.19 8oh/ohdIfIob'liIefiob, .... t.!Il 78.9 0.0
IM-ff fiIb/ohe!Jfioh· trout, mlad opocia, .... 6.61 71.ft 0.0
IM-ff fiIhId>t/IfiIb' trout, 1lIiDboor..... !1.!16 71.48 0.0

Til............., (tllMJ
201~
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SECTION 201 p h· h~ MIIIuII Vel. I

f'ndmt
Code C dIt, "... "OW- ".....
17Ml9 fiantfiJnen: raw. beef&: pod 1!1.15 5S.87 I
17Ml9 goat: raw lUll 75.lM •

.. paooIIIy/pclUlloJ........
1~ liaD1fUrIa: c:hidal 19.48 57.5S •
17&G6 liaD1fUrIa: mrtey 17.7 6l!.99 •

20: FRUITS
A:.....
!OMl1 bIal:tberrieI: raw o.s9 85.M 7.9
!OMl! blueberries: raw lI.SII IN.61 7.!l
!OMH CI'llIlberrles: raw G.! lI6.5f •
!OMl5 cummll: EuropeuI bbd, raw 0..1 81.96 8
!OMl5 cummll: red and wbltc. raw G.! 8!l.95 8
!OMl7 elderberries: raw G.5 7ll.8 •
!OMl8 ~raw 0.58 87JfI •
!OMl9 paps: AmaicaD qpe (1IIp lido). raw O.!li 81.!l 16..
!OMl9 paps: EuropeuI qpe (lIIIbermllldo).... G.58 lIO.56 18.1
!QA.89 JPOUDCIc:herrie (cap e flood [hies orpaba). raw 0.7 85.. •
!QA.89 IIIU1benies: raw O.!lll 87.68 •
!QA.89 obeIoberrieI: raw G.!! 92.!l •
l!OA-I0 niIiDI: ....... seedIe8 M6 If.97 •
l!OA-I0 niIiDI: Keded o.M 16.57 •
l!OA-I0 I'IIiIiDI: leedIar M6 IS,U 61.7
l!OA-lS I1lIpbenieI: raw G.55 86.57 •
l!OA-l. lbawtJelriel: JaW o.s7 91.57 So?

D: IoonJjIIII:e
!ODOO grapejuice: aumcd 01' boaIed. UIIIltdecte:ned 0.08 IN.11 lU

G: __ 6aII

l!OGOl! lPapmom: raw. pinlt/red/wbi1e, aD...,. 0.1 9G.89 U
!OG4S ........ raw o.t 81.7 •
!OGet .......... peel:raw o.s 81.6 •
!OGet Irmcww: ....wIped O.!l 87•• •
!OGG5 limes: raw G.! 88.!6 0.4
!OG06 0IlUIfll"' .... aD~wrietieI o.tl 86.75 8.9
!OG06 0IlUIfll'" .... CIIlfomia. nonoeIt 0.09 86.81 •
!OG06 0IlUIfll'" raw. CIIlfomia. ftlmcilo o.s lI6.!lf •
!OG06 0IlUIfll'" raw.1Iorida G.!1 87.1. 8.9
!OG47 pllllDll'!a raw o.M 89.1 •
!CJG.09 IaDpriDa: (1IIUIdarin ........). raw 0.19 87.6 •

K:'" fn*.JuII-
!0&6! lPapmoiljuice: pinlt/red/wbi1e, aD arietieI, raw o.t 90 7.5

2O&4f lemonjuice: aumcd or boaIed G.!9 91.46 1.4

2O&4f lemonjuice: raw 0 90.73 I..

201-8
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Code C lilt, "....
21S99
21S99
21S42
21S42
21S-20
21S99
21S99
21S45
21s.cK
21s.cK
21S-10
21S-11
21S-l9
21S-18
215-05
215-06
21S-12
21547
215-08
21S-16
21549
21549
21S-14

1lBJIam.f-r: Jeay lipo, raw
1lBJIam.f-r: pock. raw
twnanas:raw
lwnwn" Rd, raw
carambola: (1IaIfruIt), raw

c:1lerimofa: raw
-.......... (buI1oc:t.'HIeart).raw
fip:raw
....-= ctWImCMt, ....

..... _awheJ.j. raw
jaddiuitmr
kiwiIIuiI: (OChbiJi__, IgoooeiOllldhalelllil~..). &eob, raw

IildIII: raw
L ... E. raw
.......,..,raw

....f&raw
r loo4i:ulc <sn-"l"'), papIe, raw

pine..,"" raw
plantlill: raw
..".,..., (_..waIade'-" plum), raw
-*laeadliuit oeeda, boiled
-* laead6uit oeeda, raw
-.riDdI:raw

0.69
0.17
D.f8
0.2
0.55
0.4
0.6
0.5
0.6
0.6
0.5
0.«
0.«
0.1
0.27
0.14
0.7
0.45
0.57
0.6
U
5.!8
0.6

ll9.25
9l.05
706
7U
90.92
'115
71.5

'9.11
116.1
80.66
712S
8!1.I15
8UlI
82.7!i
81.71
88.8S
72.95
lllI.5
lIU8
62.45
!19.5
56.2'7
SU

0.8
0.8
18.f
•
7.1

•
•
6.9
6
•
18.4
8.9
•
•
IU
5.9
11.2
11.9
•
•
•
•
•

n_'a " ........driId/..-
21T·19 IildIII: dried
21T-18 ......... dried

V:_,a " ' ......J*e/--....,..•.,-
21V.el 1ICCI'CIIajuia: raw

22: VJI\E FRUITS (AELlXIS) AM) PFKZJt..CTS
A: .........
22Mll mdmw' ........ ope, raw
22MI2 mdmw'~ raw
22Ml!I mdmw' .......,..... raw
22I\oOf _meJUO: raw

Go .............. "
22G02 pmim_Jaj_' ..e, raw

22G02 pmimnMlIII:~ raw
22GOI ~raw

22G09 roodIe: raw

~ IllUIIOI" raw
22G05 IIIpHIljIIcs: (.......eeet.IlI...":). raw

U
0.4

0.18
0.1
o.I
0.45

o.I9
o.f
0.5
O.M
0.5
0.29

2U
17.6

•.78
92
8Il.66
91.51

80.52
6U
80.97
86.58
81.16
712S

•
•

•

8.1

•
•
9

•
•
8.9
•
•
•

201-10
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Prv1IDct
Code C ..., "PM "w- "....

23: NUTS. EDIBJ.E .9+1 S. AND PFl:DJCTS
A:_......
2!MM aUla: cbacDUlI, Europeaa, raw. UDpeeIed 48.65 10.6

..-......
23Jl.99 a_ 8CIOmI, raw U.lI6 27.9 •
2D4t IIUtE cbabnaII. Orinese. raw 1.11 45.9!1 •
2D4t a_ cbabnaII. lwopem, raw. peeled US 51 lU
2D4t a_cbacDUlI,JaiMileoe. raw 0.55 61.41 •
23JI.G5 aUla: COCiOIlut mar, raw SUg f6.99 ll.5
2S&15 a_JPak80 aUll, raw 1.68 55.t •
!SB47 pean".. aD e:,pa. raw 49.!4 6.5 U
!SB47 pelIII_ Spuriob, raw 4!1.6 6.SII •
!SB47 pelIIIUla: VUenda, raw 47.58 4.IlI •
!SB47 .......... ViqpDIa, raw 411.75 6.91 U

C:_......
2SCe7 ...-pelIIIut..-r. w/_ added 49.98 1•• •
2SCe7 pelIIIut buaI:r. cInmk IlJIe,w/_ 49.94 US 7.8
2SCe7 pelIIIut buaI:r. cbUDlt IlJIe, _1_ 49.94 US •
2SCe7 pelIIIut bual:r.1IIIClCIth..w/oolt 49.98 UI U
2SCe7 pelIIIut buarr. IIIIClCIth.._1_ 49.98 1•• U

K: ........
IS&08 millet, raw Ul! &.6'1 U
IS&09 quiaoa 5Jl ll.S •
IS&G6 -.klotut -.II, raw 0.55 77 •
ISOS soybeuIo: sreea. raw 6.8 6'1.5 •

24: BEANS. PEAS. a71N. AND FRI.IT1IIS \,£EETABLES
A: '-1..-1_
l4Mll aIfiIIfa-.k~ raw o.ell 91.14 OJ!
I4MI9 bamI: Illbuti,__-.II, raw 0.55 1144 •
I4MI9 bamI: bIKt. aade ......---.II, raw 0.9 11 •
MA-16 bamI: bIad, IIIMUft' -.II, raw 1•• lUll! •
14Ml4 bamI: CDllbeny (llaDwt). __ -.to. c:aaaed 0J!8 77.56 •
I4MI9 bamI: FftDch.__ -.to. raw 2.01 10.77 •
1410-10 bamI: pat-doaD, IIIWUI'e -.to. raw 1.14 10.7 •
I4MI9 bamI: hJ8dDtb,-- -.to. raw 1.69 9.!18 •
14Ml7 bamI: lcidDey.lIIIlJPCa,__ -.to. raw G.8S 11.75 •
14Ml7 bamI: 1cidDey. 0IIifilnIIa red,..-- -.to. raw 0J!5 11.75 •
I4Ml'7 bamI: 1cidDey. red,__ -.to. raw 1.06 11.75 •
I4Ml'7 bamI: 1cidDey.1OJlII red, IIIWUI'e -.to. raw 0.45 11.9 •
I4Ml8 bamI: IimlI, JuBe,..-- -.to. raw 0.89 10.17 &.5
14.MJ9 baml:m...... ..---.to. raw 1.15 9.05 6.6
l4Mll beaDo: ........ 1IIWUI'e -.to.oproulled, raw o.t8 90.4 1.7
24Ml9 bamI: muago,__ -.to. raw US 8.58 •

T_No. e., I1I1MI 201-11,..., II». lBIlollllll2l
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Ptoclnrt
Code e- a, "PM "w- "....
24&10 bemI:....,._-.II, ... 1.28 11.36 •
24M19 bemI: piDk. _ oeak, raw US 10.06 •
24&11 bemI: pmlD, awun: oeak, raw US IG.!15 •
24M19 bemI: -nwblte.1IIlIlUJ'e -.11, ... 1.18 11.71 •
24&14 bemI: map.llRCD- .... 0.12 90.27 U
24&15 bemI: map. }"'II.--.... G.12 90.27 •
24&10 bemI: wbille, awun: seeds. ... 0JI5 11.32 •
24M19 bemI: ........ _oeak, ... 16.S2 8.S4 7
24&14 bemI: yarcIIons. _ oeak, raw Ul 8.4S •
24MI9 bemI: }"'II.-.1IIlIlUJ'e -.II, raw U 11.1 •
24Ml!1 lJrcwIWans (ma beaD): _ oeak, ... 1.5S 10J1l1 5.7
24Ml6 ddckp-e (prIJmuo baIlI. benplpm): _ oeak, ... 6.04 11.5S 18
24.WO cora, wbiu: 4.74 10.37 •
24MlO cora, }"'II.- 4.74 lC1.S'1 •
24MlO com:-.wblte. ... 1.18 'I5.9lI •
24MlO com: -.}"'II.-.... 1.18 n,. 5.4
24M19 c:uwpea: ...lP.... - seeds. ... t.07 11.05 10
24M19 byKiDlb«aDo: bnm""D'e oeak, ... 0.2 8'181 •
24A-'IO 1eDliJI: _ oeak, ... G.. 11.19 1.5
24M19 Iupioo: _ oeak, raw 0.74 10.44 •
24M19 ~bemI: awun: -.II, raw 1.61 9.118 •
24MI9 - 11 !l!l.02 •
24Mil peao: edibIe-F , iIded. raw o.t 88.89 4
24Mil peao: sreeo. ... G.4 'IlI.lI6 4.5
24M19 peao: opIit, IIIlIlUJ'e -.II, ... 1.16 11.27 •
24&17 p/&eon peas (n:d pm): IIIlIlUJ'e oeak, ... U9 IG.!19 lUI
24&IS oo,beua: _seeds. ... 19.94 8.54 6.lI
24MI9 rempeh '1.68 54.95 1.S
24A-IS UJfiI: .... linD 8.72 89JlS 0.4
24A-IS UJfiI: raw. rquJar 4.'18 84.55 0.4
24M19 wlDgo:d beaD: Ieawa, ... 1.1 '16.85 •
24MI9 wlDgo:d beaD: tuber. raw 0.9 5'1.4 •
24A-14 yardJcmg beaD: raw 0.4 8'1.85 •
""'*(: • til
2fF.!19 c:baJ'oIe: fruit, ...~ tq. ....... ficmIly) 0.3 95 •
24F-IO aICUIIlber. DOt pued, ... G.1S 9lI.05 I.S
2fF.4Il '"iiIiont: raw G.1 91.95 5.4
24F-OO pIlII'd: diIbdodl (to II 'BounI).... 0.2 95.85 •
24F-G9 pIlII'd: wbilI>fJu:cued (...hIwb). raw 0.02 95.54 •
2fF.4I2 okra: raw 0.1 II9.5ll 2.4
J4I'.G8 peppen: hot cbiIi, sreeo. raw 0.2 8'1.74 •
24F-08 peppen: hot cbiIi, n:d, ... 0.2 8'1.74 •
t4f.07 peppen:-.sreeo. ... 0.19 92.19 1.5
241'-0'1 peppeL-. n:d, ... 0.19 92.19 •
2fF.05 pumptia: ... 0.1 91.lI 4.4
MF-06 oquMh: -iUlllWT. aD arieIieI, ... 0.21 95.fi8 U

201-12
_ .......,(1JlM1
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PrudIict
Code C dIl)

2fF.G6
2fF.G6
2fF.G6
2fF.G6
2fF.G6
2fF.G6
!fF.G6
!fF.G6
!4Jt6O
24J'60
MF-G9

oquaob: pllll!llft". aookDedt and Praip"M'Ck, raw
oquaob: pllll!llft". ecaIJop, raw
oquaob:_.mcxbjnj, iDd UiD, raw

oquaob: --.1lOOIII, raw
oquaob: wiD..... aD YUletIea, raw
oquaob: wIJuer. bullanut, raw
oquaob: wiD1IOr. hubbud, raw
oquaob: wiD1IOr.1flIIbeal, raw
".....",.. sreea, nIW

tmllI!IWc nod, ripe. raw, yrrouacl-.
..........,..t (Chione .._nina melon). raw

"1'IIt "w-r "....
11.!4 9U U
o.! 9U8 U
0.14 !l5.I8 U
o.I 87.78 U
O.!S 88.72 U
0.1 86.41 U
o.s 88 U
o.s7 91.6 U
o.! 9lI 2.7
o.M 95.76 s.o
o.! 96.1 1

T:""'--'U1i In

24'1"-e9 amannlll 6.51 !IJM 1.9
24'1".01 arliI:hota: (Jlobe 01' freDd1). raw 0.15 M.94 U
!4T-o! ........... raw o.!! 9U5 2.1
!4T.Q!l ....boo IbooIa: raw o.s 91 •
!4T.04 heel greens: raw 0.06 91.15 •
!4T-e9 IJan&craw 0.7 9lI G.9
!4T-CI!I broccaIi: raw G.!l5 9G.t19 1.6
24'1".07 br1-'o lIJ*O"II: raw o.s 86 U
24'1"-e9 buttabur: (1Wd). raw 0.04 !N.5 •
!4T-lI5 c:abll." Chione (pU<hoi), raw o.! 95..!1! 1
24'1"-12 c:abll..: Chione (pe-lIIi). raw o.! M.!9 1.5
!4T-oB c:abll.., _ (DmIIh, cbDePk, and palnlled lJPOI). raw 0.18 9!.5! 2.7
!4T-oB c:abIJeF nod, raw G.l6 91.55 5.4
24'1"-oB caIJb.e* IDD}'. nnr o.I 91 It.9
24'1"-e9 cardoon: raw o.I M L7
24'1"-10 c:auIilIcMu. raw o.I8 9!.16 U
!4T-H cdaiK:raw o.s 88 2
!4T-ll c:elay. raw o.I4 M.M 1
24'1"-e9 eeIIuce: raw o.s !N.5 1.7
!4T-!6 chard: s..-. raw o.! 92.66 1.1
!4T-M c:hialry.~ raw o.s 9J G.9
24'1"-M c:hialry. wIdooI; raw o.I 95.1 •
!4T-15 a>IIIInIo: raw o.!! 90.55 •
!4T-lI5 aJI1IIaIm: raw 0.4 9J.II •
!4T-e9 wq II" IeId)r lipo. raw 0J!5 81.78 •
24'1"-e9 aao: prdeD, raw G.7 89.4 •
24'1"-14 cIawfrILooD greens: raw 0.7 85.6 U
!4T-e9 doct:raw 0.7 9lI •
!4T..so eaclhe:raw o.! 95.79 U
!4T-e9 hone>adillHlee: IeId)r lipo. raw 1.4 78.66 •
24'1"-e9 jute, poIhub: raw 0J!5 87.72 •
24'1"-18 bIe, SaMdc raw 0.6 87 U
24'1"-18 ble:raw 0.7 84046 U
24'1"-e9 Iamblquarlas: raw G.8 1IU •T_No. ..., (111M)

201-13..... FOto 2IIlIio1lllll2l
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ProcIIId
Code C ilk,
2fTr31
2fTr32
2fTr31
2fTr32
tfT-20
2fT~

2fTr$
tfT-21
2fTr4S
tfT~

2fT-24
2fT-29
2fT-29
tfT-29
2fT-29
2fT-29
2fT-29
tfT-29
tfT~

2fT-21
tfTr$
2fTr42
tfT-27
2fT~

tfT-28

Jeuuce: b.Jaabead (iDdudeI .....UId bibb 1JPeI)....
Jeuuce: COl or nJIIIaine, ....
letIIKe: Ic:ebaJ (iDdudeI aiopbald 1JPeI)....
Jeuuce: loc.· t; ...
m.-rdsr-'"
m.-rd opinN'b. (lT5ideTgiCOW)....

New 7nlUld .........•...
panIq. ...
pokeberrylhooa: (paR)....

punIane: ...
rbubub: ...
..., ed: raw
w:aOL :eo II duIIe. taw

aa J iJMhJPotW. raw
:can t.~ raw
..weed: I:ner. raw
_ : 1. apinaIIDa, ...
_ 1 wabme. ...
eeoIwniP ft-= ...

opica: Jl8IIIer. dried
opinN'b....
-mpcallb., ( ~.,)....
1IJIDip..-...
mnpinadr (bMeIIa)....
wateiUES: raw

"I'M "w-r "....
o.a lI5.58 •
G.2 M.91 t
0.19 95.89 J.8
o.s IN •
G.2 9ll.8 0.8
o.s 9U •
G.2 IN •
o.s 88.51 J.J
0.4 91.6 •
0.1 95.9J •
G.2 9!l.61 0.9
0.05 9Ut •
U lli.6 •
G.l6 8U4 •
0.56 8U8 •
0.!8 lI5.05 •
0.38 90.67 •
O.M 79.99 •
o.Of 91.58 •
USI 9.02 •
o.ss 91.58 0.4
G.2 92.47 •
o.s 91.07 I
o.s 9!l.1 •
0.1 95.JJ 0..

25: ~ABlfS AND PRDCJt..CTS
J:.-/..... 51'

t!

25]-28 WJowhawI: raw 0.29 7UII •
25}Gl1 beea: ... o.J4 IIU2 5.9
25}-22 beenIodt IOOC ... o.u 8G.09 •
25}O1 carma: ... 0.19 117.79 Ii.6
25]-16 ~... 0.!9 li8.51 1.2
25]-20 c:Ieiaw,.1'OCICI, ... G.2 1IO t..
25]-21 prIic'" 0.5 5lI.58 I

2!!J-24 .....-... 0.75 111.67 •
25}02 ~poda.'" G.2 1IU •
25}02 hca_awIiIb: ... o.s 74.6 J.8

25.J-29 .JerwaJem-i........... 0.01 7lI.0I t.5
25}99 ~ (Ihjrtentd buJb.IiJr.e_): raw o.J 91 f.5
25}OS Jceb: (bulb UId l.-r Je»poelioo). raw o.s lIS 5.9
25]-111 Iocus_ ... 0.1 79.1 •
25]-12 1DOUD18in)lUUUC Hawaii, raw o.J III.ff •
25]-25 OIIioTII:raw o.J6 lI9.6lI U
25}Of 0IIi0TII: IIJITiDB (iDdudeI ..... UId bulb). raw o.J9 lI9.lIS U
25]-25 0IIi0TII: WeII1e. raw 0.4 90.5 •
25}05 pumip:raw 0.5 79.55 f.8

201-14 T_Ulo. ...' ('1lMI......_--
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Paodud
Code 0 aill) ".. "".. "....
25}06 polalDeI: JaW.8ab 0.1 7lI.96 1.0
25}06 polalDeI: JaW, Uin o.t llU9 0.6
25)-16 radjshc:r orieDlaI, JaW 0.1 9U1 1.5
25J-07 radjshc:r JaW 0.5f !N.M U
25J-07 radjshc:r white 1clcIe, JaW 0.1 !I5.S7 1.5
l!5}09 nJla...... raw G.1 89.66 5.6
25)-10 oaIoifT- (.% rzhIe 0JIla"). JaW G.1 71 2.9
25)-11 .ballots, raw 0.1 'l9.lI U
25)-12 .-polalD Iea-= JaW CI.3 87.96 •
25)-12 .-poalDel: JaW CI.3 7IJM 5.0
25j-2S ...... Tahilim: JaW 0.97 87.96 •
25)-25 taro: ........ JaW 0.74 86.66 •
25)-25 taro: JaW G.1 '10M G.lI
25j-2S taro: shOlIlI, JaW G.09 95JI2 •
25)-14 tumipo:JaW 0.1 91.87 5.8
25)-15 _chamUll:au_ (mml), JaW 0.1 75.46 U
25J-12 yam: raw 0.17 69.6 G.5
25)-17 J2"'bem. raw G.1 lI!I.15 •
1.:.-;....... g '+ *'-tI/"-e/.,,...tJ/f
25L-2S poi 0.14 n.M •
Pl faIIgl,

,
j IIl11111wi....~

25Nl mlJlluooml: JaW 0.42 91.81 1.8
25N4 mlJlluooml: """""". dried 0.99 9.5 •
S: faIIgl, 7 , • tndIFep....._'"
25S99 jew'a ear: (pepe8o). raw O.Of •

28: SPD:S. RAIItJlS: AND SALTS
A:.........
2llMl9 cbeniZ:JaW G.9 .7 •
2llMl9 em-: raw G.6 91 1
....15 coriuder: raw G.!8 9I.lI •
....18 famd: ........ raw G.4 90 •
2lIMl5 IfIica: mile oeed 15.901 9.5!l5 •
2MaI IfIica:Cti_, oeed 14.595 9.lI75 •
....12 IfIica: cdayoeed 25.271 6.057 •
....15 spic:a: uaimder oeed 17.71 lI.lI61 •
....16 IfIica: cumin oeed ft.27 8.06!l •
....17 IfIica: dill oeed 14.555 7.701 •
....18 IfIica: famd oeed 14.l16l1 8.815 •
2lIMi6 IfIica: fenugreek oeed 6.408 8.M5 •
....29 IfIica:m.-rdoeed, ,.,n- 28.759 6.858 •
....1l7 IfIica: J>OIIPf oeed 4UM 6.'18l! •
2M-fO IfIica: IlIfIioo !i.lI52 lUI!lll •

201-15
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PI;"
Code C dIl, "FlIt "w- "....
B:.....,.vaUied.....
28B-f! Ieeds:......., bualer.lahiDi. &om ...1IDd_ 48 I •

smund IremcII
28B-OI spiceI: aIIIpiIz. smund 8._ 8.4119 •
l!lIIHH spiceI: bIIIiI, smund 1I.ff17 6.4!It •
~ spiceI: bay leaf; aumhled 8.!6t 5._ •
288-10 spiceI: am-- smund 6.ll99 8.IlI2 •
2IJB.S9 spiceI: cbenII. dried lI.9 7.1 •
~ spiceI: chili powder 16.76 7.'19 •
288-1!I opka:d_.smund lI.l85 9.52 •
288-14 spiceI: c:Iooeo, smund 20.086 6.857 •
288-15 opka: CllIriIIIlder leaf; dried 4.778 7.lI •
288-17 opka: cIID-t dried U6 7.lI •
288-11 spiceI: prIic powder 0.759 6.446 •
288-19 opica: lPDF. smund 5.9t9 9.3T1 •
288-24 opka: -smund lIU82 8.171 •
288-27 opica: nwjonm, dried 7._ 7.ll4l •
2lIB-!O opka: DlIlIIlq. pound !16.!10'1 6.228 •
2lI8-!I1 opka: onion powcIer 1.052 5.00s •
2lI8-27 opica: CIftPDO. pound IC1.25 7.IM •
2lI8-!I!I opica: Jl8IIrib 12.953 9.5!16 •
288M spiceI: pepper. iliad: UlI IG.5Oll •
~ opica: pepper. led orea,enne 15._ 8.M7 •
2IIB65 opica: pepper.mile 2.12 lUI •
2lI8-!I!I spiceI: 'CIIeIDU)'. dried 15.22 9.- •
18&41 opka: IlIfF· pound 12.745 7.ll55 •
2lI8-42 spiceI: IROOIY. pound 5.907 9.00ll •
2811-47 spiceI: ......... smund 7.2ft 7.739 •
2lI8-48 spiceI: 11>7-.pound 7._ 7.'19 •
2811-49 spiceI: IunDaic, pound 9.876 11.- •
p:. -law' ' ........../--/...,
-.04 spiceI: cunypowder 15.81 •

36: SWEETE1IERS [NUTRIT1IIE}e:.....,
!6C02 hcloer- ..aiDed or eaua:lEd 0 17.1 81.9

38:ElJt.PS
A: .....
lI8A-SlI milo 6.111 41.41 •

40: BABY FaJCB
A: .............{WIJ)
400\-41 '-bJ'food: coot:leo••UtMl1lOt 10 5.6 III
4Qo\.42 '-bJ'food: IrfthiDgbiocuIII 4.1 6.4 M
4Qo\.42 zwieb8d 9.7 0 12.9

201-16
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P Idclrle~MlnlIII Val. I SEC10'11 201

l'Iodact
Code C ...,
4O~1

4OB-!O
.fOB.45
40&-10
40&10
40&-20
4OMO
~

40&-20
40&-20
4OMO
4OJI.G5
40&-20
40&-20
4OB-!O
4OJl.!IO

b8bJIiIod: c:aaI, 1l8deJ. dry
b8bJIiIod: c:aaI, eg"" and~ ...
b8bJIiIod: caaI, biprot, dry
b8bJIiIod: caaI, IIIiRd, dry
b8bJIiIod: c:aaI, IIIiRd, w/."F'I',Ie'.m eel: jwlIor
b8bJIiIod: caaI, IIIiRd, w/...,..m lIiDed
b8bJIiIod: c:aaI, IIIiRd,w~dry
b8bJIiIod: c:aaI, --.J. dry
b8bJIiIod: c:aaI, w/...,I=" 1: tw""DM,juaiar
b8bJIiIod: a:n:aI, w/~JlI'I== 1: ......... IlIlIined
b8bJIiIod: a:raJ, --.J, w!'wa dry
b8bJIiIod: a:n:aI, rice. dry
b8bJIiIod: a:n:aI, rice, w/8FI 1 ,..... 1: tw..-, ..lIiDed
b8bJIiIod: a:n:aI, rice, w/lwnaDM dry
b8bJIiIod: a:n:aI, w/egJ'OIb,juaiar
b8bJIiIod: a:n:aI, w/egJ'Olb, IlIlIined

5..
!i.!
5.!J
U
G.f
G.5
..6
7.8
G.7
0.7
6
4.9
0..
U
1.8

1.8

6.8
lM.9

6.1
6.7

79.6
IlO
U
6.!

81.8
1IU..,

6.7
81..,
88.7
8&B

9.79
•
5.811
7.75
11
11
10.9
9.79
10..
IG.f
12.4
9.75
8.91
19..
0.68
0.68

-

D: '"I•••'11I'. (IIIIIJ)

~ b8bJIiIod: I' hIeo, jDr
~ babyfuod. lege bJeo, ...
4OJ>.O! b8bJIiIod: lege bJeo, com, a&mtd,juaiar
4OJ>.O! b8bJIiIod:..... lobIa, com, a&mtd, ..lIiDed
~I bIbyfOod:"tcgeI8bJeo.peeD beam, buaaed,jDr
~I b8bJIiIod: ngclobla, peeD beam, buaaed, Itt
40MI b8bJIiIod: ege bItt, ....... beam,jDr
4OD45 b8bJIiIod: leg lJbJa, mbr "",jDr

4OD45 b8bJIiIod: iege obJeI, mbr"'" Itt
~I b8bJIiIod:"tcgeI8bJeo..-. a&mtd, ..adDed
fOD.Of Il.bJfood: 0 8 bJeo,..,....m a&mtd,jDr
fOD.Of b8bJIiIod: I g obJeI,..,....m a&mtd, ...
fOl)05 b8bJIiIod:"tcgeI8bJeo. jDr
fOl)05 b8bJIiIod: oege bItt, ...

B: fn*IjosIee/*'* (Wor)
4OMO bIbyfOod: fndt, """1: bJueJIeny,juaiar
4OMO b8bJIiIod: Iiuit,"""1: bJueJIeny...adDed
4OMO b8bJIiIod: Iiuit, '"1 _I: 8Jlrio-,jDr
fOE.20 b8bJIiIod: Iiuit, 'JlI'1 1: apic:ua> ...
fOE.20 bIbyfOod: Iiuit, 8Jlp1 i 1: plNappIe.juaiar
fOE.20 b8bJfOocI: Iiuit, 8Jlp1='_1: pineaJlFIe, ..adDed
fOE.20 bIbyfOod: Iiuit, pean I:pi"C8J'l'lt.jDr
4OE-20 b8bJIiIod: Iiuit, pean I:pin ,"*....
fOE.IO bIbyfOod: Iiuit, Jl""II:jDr
fOE.IO b8bJIiIod: Iiuit, Jl""II: Itt
~ b8bJIiIod:juice•...,..
4OE-5O b8bJfOocI:juitt, """1: grape

o.t
G.l
0..
0..
0.9
0.8
0.1
0..
G.5
1.9
l.4
l.S
o.t
o.t

o.t
o.t
o.t
o.t
o.I
0.1
0.1
0.1
o.I
o.t
0.1
o.t

91
9I.S
81••
85.6
91.1
90.8
9I.!i
89.4
89.8
86.5
68.!
89.6
91.8
91.7

81.8
85.l
8lI.9
87.7
89.1
89.5
87.8
8lI.5
87.8
88..
68
88.1

SJt1
SJt1
1.18
1.18
•
•
•
1.36
1.36
1.51
1M
1M
1.18
1.18

8.9
8.9
10.6
10.6
11.8
11.8
11.58
11.58
IG.6
10.6
14
u.s

201-17

11



SECTION 201 p p' , .. AnIIIIlcBI M8nuII \A:Il1

PnJdw1
Code C ciB', "... "w.- "....
4OE-!O babJCood:juice, IIJlIlIe .. padI 0.1 89 lU
.0&.50 babJCood:juice, IIJlIlIe A: pruDe D.l 81.5 Is.t
4OE-!O babJCood:juice, milred frult 0.1 87.9 •
.0&02 babJCood:juice, """"F o.! 118.5 •
4OE-lIO babJCood:juice, cnnaeA: IIJlIlIe O.f 88.9 •
4OE-1IO babJCood:juice, """"F A: apple A: ........ 0.1 87.6 1U
~ babJCood:juice, cnnae A: pillt:apple D.l 87.5 II

..-.. I .,....._ ...... (IIoioJ)

4OF-61 babJCood: diDneI', beefnoodIc,jDr 1.9 87.8 •
.oF-50 babJCood: diDDer.1IIIlCIIIOIIi A: ......... A: bec£,jDr I.J 86.7 I.•
tOF-50 babJCood: diDDer.1DlII2IOIII A: ......... A: bec£, Ill' I.J 87.5 I.•
4OF-6lI babJCood: diDneI',lJ"IBhr"i A: -... A: mat,jDr 1.5 85.!i 1.11
4OI"6S babJCood: diDneI'.IpIBhcal" ......... A: mat, toddler I 81.6 •
~ babJCood: diDDer...A: .......jDr 5.9 lI6.I 1.71
4Of'6!i babJCood: dinacr...A: ....... 1lI' s.s 85.9 1.71
4flF.67 babJCood: dinacr...A:"'jDr 1.7 88.4 1.16
4flF.67 babJCood: diDDer..... Iulm. Ill' 1.7 89.1 ue
4OF-67 babJCood: dinacr... A: Iulm. toddler 5 8U I"
4flF.68 babJCood: diDDer...A: lamb,jDr 1.7 88.6 US
4flF.68 w.,rood: diDDer..."Iamb, Ill' I 88.6 I.CJlI
tOF-59 babJCood: diDDer...A: JIw:r.jDr 0.6 88.9 I.CI!I
4OJ<6!/ babJCood: diDneI'...A: JIw:r.1lI' 0.4 90 I.a
4OF-G1 babJCood: bHDt diDDer. beef..d ",1lI' U 86.4 0.71
4OF-Gl IMbyfuocI; bHDt dinacr. beefA:...jDr 4.6 au 0.71
4QF.01 babJCood: mat, beefwith beefhan,...ed U 81.5 •
4QF.01 babJCood: mat, '-I;juDior u 79.9 •
4OF-G1 babJCood: mat, '-I; ottaIned 5.4 80.6 •
tOF. babJCood: mat,lulm.jDr 6.7 78.!1 •
toF.e9 babJCood: mat,1ulm. ... 5.8 79.4 •
4CJF.OI babJCood: mat,lamh,juDior 5.1 711.6 •
4CJF.OI babJCood: mat,1amh, ..1IiDed U 80.5 •
tOF-O!l babJCood: mat,0-...1IiDed U 711.5 •
4flF.64 babJCood: mat, -ldc:b,juDior 14.6 89.5 •
toF.e9 babJCood: mat,pd...1IiDed 7.1 78.4 •
tOF-M babJCood: mat,.aI,juDior !l 711.8 •
t01'-M babJCood: mat,a...1IiDed U 80.9 •
Gc JI""III7... + '/..... JI""III7..... (IIoioJ)
toG-4O babJCood: diDneI'...A: cbleten jDr 1.1 88.1 1.17
toG-4O babJCood: diDneI'...A: cbleten, Ill' 1.1 90 1.17
toG-4O babJCood: bHDtdiDnel'. cbleten .....jDr 5.!l 81.7 o.!l5
toG-4O babJCood: bHIIl diDneI', cbleten A:...... 5.6 8U •
4OG6O babJCood: bHDt diDneI'. lUlby A:...jDr !l 81.5 0.71
4OG6O babJCood: bHDt diDneI'.lUlby A:... _ U 85 •
tOG-2O babJCood: mat, cbleten Ilic:b,juDior IU 118.5 •
~I babJCood: mat, cbleten,jDr 9.6 76 •

201-18
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Code C

EECIOI 201

"....
b8bJ6>od:-. rhjeken, ...

b8bJ6>od: -.lIIIUyI1Icb,juDIor
b8bJ6>od: -.lIIIUy.juDIor
b8bJ'Iiood:-. lIIIUy.1II'lIiDed

7!J
14.1
7.1
5.8

77.5
lI9JI
77.5
78.9

•
•
•
•

H: ...... _ ..../cho.efeed (WoJ)

4OJI.!O b8bJ6>od: diDDer. JDaClInIIIi I< c:beae.juDIor l!
4OJI.!O b8bJ'Iiood: diDDer. JDaClInIIIi I< c:beae.1II'lIiDed U
4OJI.!O b8bJ'Iiood: hHnl diDner......c:beaewi.... IjiflIe, IlIIlIaed U

8&.5
87.1
7l!

1.2
1.2
•

J' .... III m<Wl1>
4O}OI babJofOod:"II"'" III'lIiDed

K: IE 1-.1 .........j e ,-,.,
4O&B9 b8bJ'Iiood:~ cuUldp~jwIior
4O&B9 b8bJ6>od:~ cbeny.....m.p~juDIor
4O&G9 b8bJ6>od: deIIen...-rd puMPc......Jnr
4O&B9 b8bJ6>od: &uk, oprimtw/ Jnr
4O&B9 b8bJ6>od: fiuit, oprimtwi ...
4O&B9 b8bJIOod: fiuit, ....._1< pIneapp'e with lllJlIoc-,Jnr
40&99 b8bJIOod: fiuit, ""P"-I<pmeopple with lPpioca....
4O&B9 b8bJIOod: fiuit, honpn- with .........Jnr
4O&B9 b8bJ6>od: fruit, benane with lllJlIoc-, IlllllraiaiDediaed

... .....,........ {WoJ)
tOLOl! b8bJ6>od: diDDer. cIIid:allOUp.llIaiDed

Y:....,,.....,_ I ' II I IT'"
tCW-99 b8bJ'Iiood: deIIen. cIutdl appIe.juaIor
tCW-99 b8bJ6>od: deIIen. cIutdl appIe.llIIlIaed
tCW-99 b8bJIOod: deIIen. peKh c:obbIa-.juDlor
tCW-99 b8bJIOod: deIIen. peKh c:obbIa-.llIalued

17.5

G.9
Cl.l!
l!.!l
o
o
o.I
o
0.2
0.1

1.7

I
0.9
o
o

'10.6

8ll.4
8J
79.4
8U
8s.I
81.1
81.7
81.5
If

89.1

8U
8U
81.2
81.8

•

•
J0.6
•
12.6
12.6
6.87
6.6'1
lJ.6
lJ.6

0.6'1

Jl!.!l
Jl!.!l
JU
IU
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202: BASIC ANALYTICAL TECHNIQUES

202 A: WII"f(JI)(X;IUV

MOlt residue anaIytic:aI methods foDow the same plIIIeI1II and _ the same tech­
niques. This section provides~ recommended opendngJKoc:edwes for
cenain commonly used anaIydc:aI techniques that appear repeatedly in the meth­
ods described in Chaptcn " and 4 of this manual. These poc:edW'C: daaipciuua
lin' not aimed at experieDced anaIyIclI but may be UIefuI to the reIaIhdy inape­
rienced. Jultific:alions for cenain IItCpI lin' provided to oft"er guidlm&:C to the ..
I7Bt uoublesbooting an operation that did not ped'onn • apected.

The ,..dmlques daaibed in this section wiD not be described In cIe1ai1 eIIewbcre
in PAM I. When: these techniques are used in the methods ofo.aprn " and 4­
only the informadon particuJar to the method wiD be prescribed. Where aItana­
me tedmiques appear in this section, the 0111' _ appropiate to • panicuIlIr
method is described In Cbapten " and 4; the anaIyIt is responsible for _JICIaring
iD replacement with an a1le1'1U11hoe.

202 B: CXJLLNN GlFCAfATOGRAPHY

Cohmm chromatography is used to "dean up· exti-. j,&, to ieiDiHe__
materiaJs that~ co-extraeted from the commodity with the residua. Ideally, 00­
exti'lICiifts such as fat md cbIorophyD are more lUoogIy retalDed by the c:otwam
adIoabent than lin' the residua. Ifeo, IOhait can be plIIIed through the column.
dissolving and removing ("eluting") raiduc:a, while: 1c:a¥ing c:oc::maahes aaad1c:d
to the adIoabenL Sequential elution of the cohmm wkD~t mWwes of
IOhallI may also be used to separate groups of residua from OIIe another.

The ability of. particuJar column c:I1romlItograp .,...m to reancwe __
tiwes and separate residua is deaamined c:mplric:ally during meahod deftbj-.IeDL
Su~ :ficadon of rauIb by other anaIfIII requires adbc:rence to both
recommeavL operating proc:edura and spec:ifk direaioaa In the method. This
section provides terminology, rec:omme:nded~ proc:edura. and ......
dons for dediDg with CODUiiOil probleans encountered m the _ ofcolumn dJro.
matography.

TeuidiiUlGIY

adeorbent:. 6ndy*-I solid malerial, -n,of~mesh size. to
which disIoIftd IUbIlanc:ea wiD preferentially attach and thm be iewowed
from solutions.

cohmm: either an empty rI- tube intended to hold IIiI adIOrbent or that
tube filled with .momenL Raidue anaIydcal methodI _ oftat nquiae
columns with fritted st- cIiaa at the boUom, to hold the adIoibent in
place, and TeiIon Ilopcocb to control the rate .. wbkh eluanl~
through the adIOrbent; column length and diameter ftI}'. CoIumnI with­
out stopc:ocb lin' 1Ui'ab\e ooIy for drying ea:uaas through aam,droua _
mum sulfate. H. column has no friued .. diIc, • plug ofP. wool is
placed in the bottom to retain the adIoabenL Sohall R:lieJ voin inCOlJl&
rated at the top of columns are IIiI optioiIal comoenlen&:c.

"D••,........., (111M)
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SECTION 202

eluant: sohent or mixture of sohents that II.-t 1bJ'clIush die coItmm to
remove ("elute") adsorbed residues; also mown .. duliDg IOhent.

eluate: sohent or mixture of sohents that bas.-t through die coItmm.
The eluate II the cleaaed up atnICt.

Reef." -=Jed ~PJ(lt&l.we

• If adsorbent llltOred In .-n. remove and allow 10 n:ach room 'empe••
ture In dCllia:ator before use.

• DependiDg on method, either weigh appropriate _t of .....bent
and pour it InIO empty gIaa column or pour enough adIorbent Into
column 10 reach pracribed height.

• Gently !lip aide ofcolumn to settle adsorbent. MOlt Jahoratoriea _
of empty cardboard mhe. length of lUbber hoee. or lOme other~
made etme:e Cor thiI pwpose.

• If directions specify IaF of anhydrous sodium IUIfiue 01" sJ- wool plug,
add on lOp at adIOrbent 1aF. Gently !lip again.

• Open stopcock c:ompJetely and pour JIftICIihed volume of rinIe 80heut
through adsorben!; !lip~ gently during rinsing. Cole ItilIpCOCt when
sohent level II still alightly abOve adsorbent. DiIc:ard rinIe .m-t.

• Place receiving ftDe1 pracrihed by method under ooJumn tip. ()peo IIOp­
cod: put way and immediate!y uanRer ADIp1e em'lICl to top ofmJnmD
loa sohent drips from bottom, rinse ftDe1 from which eatI _ poured
with seweraI sm.n \IOIumes of _ sohent in which eatI diIiiohed;
add rinac:s 10 column.

• loa Jut rinIe lIJIPI'OKha top ofadsorbent ... add prac:rihed volume of
eluant 10 column. &!lust IIIOJlCOCk 10 create J)I'aCl'ibed flow rare ofeluant
through column. ADow elution 10 proceed; dO not _ jB lie 01"__

to speed elution unlaa direcrcd by method.

• Ifmethod requires more dian one eluant. dole IIOfICOCk wheIl tint eIaut
II ItiII somewhat above top of adsorbent layer. CIwJae iC.ceMug ftDe1,
open stopcock~ way. and jmmcdjate!y IIdd pracn1Jed _t ofneKt
eluant 10 top. AI!iUIt flow rate .. before. and repeal • needed.

202-2

v.......~. CoInmn chromatoIlraPhY 11 mefuI Cor cleanup bo.,_
of the adIOrbent's cap8dty to rellIin JDateIiQ; thii "adIorptI9Ity" ill cIependeat CID

both physical and chemic:al chanIcwiItics. Adsorpthity of • IIIMCri8I 11III7'
from one t.tch to another. with varIal10ns affeaiug both adequcy ofdeanup::1
recoveJY of residues. To minimjR problems call1ed by variadoas In m-ptMty.
follow these rules:
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• CarefuDy CoDaw any adsorlJent hancIJing and-. pI'ClCellwa IpCd­
tied to recreate couditioDs used during method dftdopmcnt.

• Ifmethod requires heating adIorlJent, a1wayI cool iD drsjca.... be£on,
use to prevent abIorplion of moiJture from air. which wiD clump
adsorpti¥ity.

• Ifavailable. use cab1lralion IfeJII provided in method to m de. wm,.
and!or compenPte for variations iD adsorptivity.

lh""'"~ of AdIoIt: I" C..+ JSenuee lIdIoJpdon OCCUD wbile dit­
IOhed IIWeI'ia1s are iD COOlad with me IUIface of the aiIIorbeot, cIeump and
sepuations may be aduaoely affected when phyIicaJ diIIupIion of the mIunm
ocxun. Improper handling can cnae "poc:ha" or ·channell· to drloeIop in the
adIOment column; if mese eDt, IIOIulions wiD flow prae.tentillDy tIIroup lhoR
..-rather dum spread ewenly lhrougbout me adtoIbent, thm deuewiug solute
expclIUI'e to the adIOment IUIface area. Reduclion ofdeanup capacity and c:banp
in elulion patterns wiD likely occur.

To miDlml7e problems caused by channeling, foDaw the recommend«l opending
procedure. especially:

• 0001 adsorlJent before use in column; IOIvenIB may boil in pi • eJlCle of
hot adsorbent and 1_ poc:ketB withiD column.

• Tap adsorlJent to aeuIe it Popel".

• Do not let column go dry; a1wayI dOle ItopCOdt wheD eluant IewJ lllti11
lIODIeWhat above top of adsorbent ....

CauDL.,L.. of I? fa_ Any material used in residue anar,.II II • poIeIIdaI
IOUn:e of inteJfawcc during the cIeu:rminaIhe -.. at the lIIIIIIJIIL RoutIne
perConnance of "Ieagwt bIanU," i.... complete methOd with no -1DpIe...-t,
wiD notify the anar,st if adIorbeuIB or odier re VIB used in the iaetfaod are
couJribuling cop!aDrinmu that interfere. Once detected, the IOUI'CC atcoo~
nalion _ be eHminated To miDlmi.. inteJfe.tences from adIorlJenll:

• Always rinse adsorbent • directed and c:IiIaud rinsinp

• FoDow any method dincIioDI couceming pie blDg adIOJbeDt.

• Store adIOment in manner that pieteiiIB contamiDalioD; .., .. if Itored
without stopper. at IeaJt keep-r wteied with looee ra,er of~
DUIB foil.

_ ...... 84-1 1111141
......FIll_1lIIII2I
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202 C: SUVENTEVAA:H41U'J

EaenliaUy aD raidue anaIJdcal methods RCJ1Iire I'eIIIOlIlI1 of.m-u at _ point
in order to incrc:8le the concentration of the 111181Jte(1) in solution. 8eftn1 dilIi:J'.
ent concentration/evaporation teeImiqua are awiJabIe. eIIdl with 8d9an....mel
disadvan13FS- The best -"nique in a pIIIticuIlIr shualioo depends 011 the pbJsi­
cal and chemical characteriIItia of the anaIyte mel the lOlw:at that must be e¥lIfl&'
rated.

Each metbod in Oaapten ~ and 4 direds _ ofa spcdfic coac:emndiOII/e¥lIfl&'
ration recImique. The method dewloper c:boIc: the pudcuIar technique for ill
applicability to the analyre and lOlw:at~ 10 pni "'1* by the mer to subsIi­
tute a diffetent technique will be sua: fal Only Ifthe suhltilUte is also=
This section provides information on applkahllity ofseveral teebniquca, ----'-­
fur COJTeCl operation. and cautions about common problems.

ODe~ technMp.Je not cIeIcrIbed in this seaion is evaporation in aD opeD
~ With or without pi flow Impinging upon the solw:at..EwponaiDc .oIftDt
in this way is not recommended for quantillldw: raidue PDIIIysis, belP'" Ie. of
residues is likely [ll. opponunities fur contaminatioll are iDa d. and ..cecy
and bazardouI _ conc:ema are increased compaRd to other ledmiques.

UN: ofJWderna.Danish (IrD) concentraton for ewporation OflOM:nll _ ~
lilhed in FDA pesticide raidue analyses cIurlDg the 19601 when smdies ..owed its
value in reduciDg large Qumes of IOlwent quidIy mel wilboPt IoD ofanaIJIa [Zl.
MOlt methods in Chapter 5 apedft &oD cvapontioD. lei P'" this tedmique _
the _ rdiabIe at the time the methods underwent int.erlabonlory valjclpdon_

API" ...... EYaporalion in &D is __ suitable for soheuts with r 1 'oc:Iy low
boiling paints, such. ethyl ether (b.p. 54.tJO C). methyIme ch10ride (to.5"). and
acetone (56.5"). 01' for IOhent minJreII that form low boi6ng-opes. ADaIJus
must be able 10 wilbltand IlaJD bath ...mperatures for COI)!ii eillration by &D.

...... ' &sic &D~t Is IlVlIiJahIe from JDOIl JDI!IoI' .......... of ....
=~ment; oertaID siRS may be _DaNe only fiom spteiaJl}' &' LiU1:

Complete &D appualUI (iM wll of three pieces:

1) receiviDg Bask, 1().60 mL volume. 8J1lUDd glassjoiaL fIasb may be Millig'at
sided mlJes, _ mefu1 for COIICeDtraIion of__ that wU1 be ......
£erred to other containers, or 1IOhunetric or .......wed ..... 1DdUI for
COIICeDtration offinal, de8Ded_~_ea1I'aCt. No lrlIDI£er 81'i0 H11f~

woe offlnaIlOlution can be reliably measured In ua:iring flask. Grouud
&'- joint at top of JeceiviDg 0asIt must match that at bowlon of COIKeD­
trator.

2) concentrator. available In 125. !!lO. aod 500 mL .... with lII'OlJDd &'­
joints at bowlon and top. ConcentralOr holds __ of the tcihent cluriug
evaporation and is empty at end of pa>.<eclure.



11) Snyder column, spec:iaDy designed !IO an long ClIIlcfenprioD column
conllliDing three baDs; PenniIJ escape of so1¥ent in pi JIb- without
I... of higher boiliDg aDaIyta. Mic:ro&lJder columnl, with t1l'O ....
and ~VJgmlllXcolumns, with no baIJs, are also avaiJlIhIe for me in
evaporating so1¥ent in the receiving flask only, without me olc:mc:eDu.
tor.

Boiling chips fadliwe so1¥ent cwporation by providing a IUdiM:e area fOr hubbies
to form as boiling SllII1S; me of~ mesh carborundum chip mlnjmjvs wIume
displaced by boiling chip.

__WI • ...w Opel..... Placedwe.

• Connect concentnlOr and receiving tIasIt and secure with Iprinp or
other meam of pt'fteDting BepUation.

• CoDect solutions from extraction or cleanup IIlep8 in connected conc:en­
tnlOr/recehing flask.

• Tum on Ite8Dl in Ite8Dl hath.

• Add boiling chip to recehing flask, pIKe SnJder column on top of
concentrator, and gmtly lower receiving tIasIt into opening in Ite8Dl
bath. Until boiling II _0 ""'abJiobecI. hold in pIKe and !lip 8de of
Snyder column to fadliwe~ releale. (llscell pi! un: bllildup
wiD result in 1011 ol AIIIple if llUdden release oa:un.)

• Support concentrator on Ite8Dl bub.~ Ite8Dl • needed to~
appropriate cwporation nte. Once IW'ted. boiling should aaae ..... in
Snyder column to rattle YigorauIIy as ac:aping gases moue pill them. Do
not aDow boiling to be so Yigorous that Sn,.ter column II flooded with
liquid.

• When baJII in Snyder column Itop nmJIng, _ &D from Ite8Dl RIb
lIIId aDow to cool, with Snyder mlumn in pJac:e. until aD fluid bas daainecl
bad. into receiving flask. Volume can be reduced to~ mL in thilway.

• Follow method directions fur reconc:entration in praence ofwIditJona1
solvent wIume or dilreient so1¥ent, as _times required fOr ....I'I*tI:
removal of particular solvent.

• To ftdw:e wJume to <5 mL, _ u:ceivlng tIasIt from c:mc:eDtnIIOI"
and add fiah bomng chip. Connect~ column direc:tIy to
receivlngfJasl. (To avoid flooding two-baIl mia'o&Iyder column dming
evaporation. me ~VIJ.lellUXor other miao rdlwr: column withour
balls for so1¥enlS with boiling point >650 C.)

• Hold recehing flask with spring - tube holder. and tt: lip into
ateaIIL Position tip olrec:efiing tIasIt c:arefuDy to DOid~ of
solvent as it boils. ADow to boil until wIume lllIigbtly lea thaa deilRd.

• ADow lIppBI'8lIII to cool and fluid to drain into rec:eivinl tIasIt before
removing column. MInimum attainable wIume ill about O~.4mL.

l£C10i 202



SECTION 202

Vamwn and heat combine fO reduce the quandly of lIOheat in a rotary evapora­
fOr. Solution in a round-botfOm (rob) Bask Is IimultaDeousJy rotated aDdhM_ by
a water b8th. while a vacuum pulled from the end of a condeDler ina I eF the
rate of evaporadon. Solvent evaporated from the IOlulion Is colJecud in a IeCODd
fIaat. aaached fO condenser.

AHA 'Na Ewporation of I01wnt ucIng roauy evaporadon • aoocnll"C"ded for
heaHlhile residues, hec:auae tempeJatUn: of the water b8th UICd is muda lowr
than that ofa rtnm bath. Vacuum withdrawal ofwporc, conthin«l with water b8th
tempel2tUIe ofabout !O" C. adequately _ COhoenll cuch • methylene~
ride (b.p. 40.50 C) without damaging analyteL Evaporadon in a rotary esT ­
Is more rapid than in a &-D, but • limited 10 only one IOlulion at a time.

Etp -. prt

1) rob Oaskc of appioptialnolume.11acl that contalnc IOlulion heiur.-po­
rated _ ground glaa joint; Bask that coDeac coodePte _ baJLuld.
IOdetjoinL

2) rotary evaporator. including condemer and ..labIe .peed DlOIOI" that
I"OClIteI ahart fO which I'ob fIaat. Is attached. Vse of.... trap connec:ted fO
shaft be_ motor and I'ob fIaU it rec:omnvmi!ed~~DlOIOI".
ElectrouicaIly controlled motor for COUIIa"t rorque is 10 ...
laiD co_t rotation throughout evaporation. Val tnuJII'001Del" for
COD~.peedic recommended only for evapoorrorwith AC/DC IIIUUJI.
use of variable tnnIfonner on evaporator with AC DlOIOI" wiD .-It in
buming out evaporator DlOIOI".

5) conrtant tempeJatUn: water b8th

f) vacuum pump

5) needle valve 10 control wcuum, poIltIoned hebucm cond_lIDd~
ControDlng_ with fIOPCOCk-4JPC valve on coocIemer Is aIco~
but ic Jar precice than needle valve and requires mon: analJIt _1iocL
Vse of_ gauge (prefcned) or manometer is aIco m;w...,,1ft'ded

6) (opdonal) additional II'lIpa between COI'de.MOr lIDd _ pump. 10
proteet pump from effea:c ofconwlwe vapon. Rdriaa"ated CXMMIenAtion
II'lIpa and/or chemicalll'llpa that coDect vapon on dicpcwaNe aub",
are amiable

Reo JIerI Opes ... Pi KmJ...

• an:uJate cold water through condemer.

• Heat water in water hath 10 temper_I: IJICdfiecI in method.

• Attach rb fIaat. for collecting cond_ 10 .:ocx".....cer with dip cuppJied
with roauy cwporaIOr.

1I:...........,(1J841----
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• When temperatureI~ equilibrated, aaad1 rb ftaU. conlaiDiDJr IlIIu­
tion to rotary evaporator shaft (or to II'lIp on shaft) and w-r r-l) fIaIIt
Into water bath. (Directiom In IODIe melbods specify p1lring I1ask Into
water bath tIjW applJIng VlICUUIIl.)

• Thm on motor and lIIljUIt JOll!don to about '10 rpm.

• Thm needJe vaIw: ro diIc:oDnect vacuum pump from~ tum OIl
pump. then apply vacuum ro &yIteID gradually by~ vaIw: to
rninirnju frothing or rapid boiling or solution.

• When IIOIution ill evaporaled ro dryDeII. ItiUit lbac Itep to abut dIMD
syuem.

RoImy............with <In:u!ednr fMJed Lhpdd

Rotary evapora1ion can be made app1icable to higher b001iDg 1Ohul. by IIlIdilion
ora refrigeration unit and pump ro chill and dn:UJate c:ooJaDt throush mndenitr
and lbrough bath for coIIeclIng condnuate.

App' ..... Rotary $1'8tion wilb dn:uIating c:hlIled tiquid II apedfied when
IOhocnt wilb higher bo poin... such _ metlJanol (b.p. &t.7" C). KetoIIitriIe
(81.6°). and toluene (110. 1. _ be removed from heaHabIIe anaIyta. Evap0­
ration is fadlitated by simultaneous UIe orwarm water bath. ftCIII1m, and aHJdeR.
sation and collection or evapotated IOhocnt at the low tempUatDI'e~ by
ci.....latlng rc:frigeralcd coolant.

... 't ' F'JgUR 401... (Sealon 401) iII-.es arrangunent or lbe following
'-it: equipment.

1) rb flab, _ above

2) rotary evaporator. _ abcM:. Condenser should be iJmJIated (..... widl
Styrofoam rings) to maintain low tunpenture for d6cient c-oncIenA.
don.

5) COIIIIIIIIt Irmpenmre water batb

.) WCUUIII pump. wilb needJe vaIw: conlrOl and womm PDF. _ above

5) &yIteID$or chilling cooIImt such _ elbfIeM g1,eoI (andlieea)
and . it through c:oIJ or"-IJated CODdeuer; cooImt aIIo cir-
cuIa1es bath In which n:ceiolng fIaak is placed. se--aJ Q>illlliO_

cIaI unilI are available.

.... m rIed Opel..... Pt. oed...

• Ensure lbat cooIImt left) meelI 1IIll1I1Ifac;tu'. J"'C'OIIIIlIefIllion, Iben
rom on~ and drcuIatIng uniI; follow _ufvtluer'. cIiml­
tiona for equiljbl'll1ion lime needed to reach trmperature Iperifird In
melbod.

SECI~ 202
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Tamo-V.p

This~croIIedapparalUI from Zymark Corp. pea" •••• wed
evaporadon of IIIIlII1 wluma of Iohoent uaiDg a J*eDted pi -- sheariDr
action and mild thermal conditions. SolulioIII in 200 mL tubes are held in a
temperature<ontrolJed water bath while a flow of nittopD aeatb a heIiaII flow
wrte:l: within the Jiqujd. An exhaust taD _ IOhmt 9lIpOO inlD a hOle for
den-y to any 1Uitab1e hood or other~L The IJIleID can be JOCOlV"'mmrd 10
shut off when liquid legel reacha apedfied point or after a IJMdfied time; thia
permiIs sohalt evaporation duriDg unattended opention. Up 10 ......... am
be evaporated aimullllDeousIy.

No recommended~ for 'furbc).Vap ill provided in thilIleCCioa,
becauK It Is not yet by any PAM I method; apealmenlS with the ....
raws are included in current methodd~tpnlJCCU-

o-,..PauJ+nw

~ 01 A .,.... Evaporadon BteJ- are potential __ of analyte loa. Predict­
ably. 1_ incnase with lIIllI1fte volatility and with decrc:aIIng ftnaIlOIo1Jnn~
ume. Any evaporation of aoJulion 10 dryn_ may came analyte Ie.; _ the
prcsenc:c of co-atracliwa may not pmN!Ilt '- of the _ voIatiJe. a_
StudIes using open-' evaporation Ibowed no c:oneIadon bets: !D ......IIIt of
c:o-eJRrlICtive and'-that ocxurrcd during ewpondoa. and mdence~ HI
that the nature of~ ill men imporlllDt than the apiQUl [I]. NoR
recent IIlUdics Ibowed bipcr1_ofG-BHc, a wIMIlc raidne, when evaponIinl(
CXUlIClS 10 dJyn_ twice in a Turbo-Vap dum when COIICI'Duating (Defti<2 mL)
in a K.D [5]. Purified CllU...... (me of plant esuaaiw:I and &t) are e q:onted 10
dryn_ only when abIIOIuteIy nec:nllU'f. L,.. when aD _ of a -,-, &c __
tbyIcne cbIoridc must be removed 10 PiC'iCDt interfcJeme in a dctcrmInadwe Itep.

FJal\u8lJC8S

[1] am.. Mo. and Morley. H.V. (1968) J. AIr«. Off. AJIOII. CinL 11.~

[2] Butte.JA." IlL (1966) J. AIr«. OJ!. AML CinL ft. ~1005

[5] Paditt. c.H~Jr. (New. 1991) "MinIalurized MuItiraiduc~ 10 Jletei­
mine PestidcIe ResicIuesin Frail FruilS and Vegetables. LIB 3616, FDA"
Roc:biIlc. MD
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203: EQUIPMENT AND PROCEDURES FOR
COMMINUTING SAMPLES

Sec:dou 102 C delCIibes reguJatory requbemenla related to c:ompoRdng lIIlClcom­
minuting test samples 10 that the test portion Jt:DIoted for anaJysiI em be c:oasId­
ered iepi_cacm of the oriRiual CO~metlt. This section pooides descrip­
liODS of ecFPment and proc:ecfures that ~ laboratories have found dfec:aw; m
comminubDg specific commodities.

2CJ3 A: EQIJAIENT

DistInctions among variouI pieces ofequipment often relate to the type of~
for whid1 each is _ effixtjw;. Some equipment is designed 10 work best~
samples that are inherently liquid and thus eMily mjv:d, while other devices~
me the powa- nec 'Y 10 cut dry products Into smaD pieces for suJ.equent
mixing and hOlllOgellization. The foDowIng eategoiles of equipment are defined
by their mode of operation and the commodity types for which they an: _
usefUL

Blea1en .... HCIIDCI "'8•
Devices labeDed "blenders" or "homogenizers" usually Indude bIlIdes tbat an:
capable ofhigh speed_tbut an:-n reIatiwe to the rocal wIumc of the
container. The conlainer ("blenderjar") is designed 10 propel the material being
miud Into a vones, 10 that it repeatedly comes Into CODlaCt with the bJw!es Such
dmces are _ effixtjw; with liquids ormaterials that~~wbenhIended
Blenders and homopnizers are _ often uaed in n:sidue anaJysiI tor elltiaaioo
of taidues Into a IOlwent that has been added to lIbady chopped sunple. but the
__ devices em also he used for hoJllOFDizing commodidis that an: plmatily
liquid.

Commercially -uabIe devices uaed for this pwpaee Include WU'iDg, LounIes,
PolJlron. and Omni-Mixer models. At 1eaIt one published SIUdy [1] • ned that
resuJla obIaIned from using the fint three of these were equivalent for pnaic:aI
pmpa.e.

1.arF capacity (2O-fO qt) choppeR. with blades d r 'lP""d to eat IIDd mill ojmq'"
neoualy. are the uaditionaJ equipment UIed to ammrinute IOIid raw apit:ukunI

=:--..:=~~:l~:::':.r::..~,,=,~:eh~
chopped product wiD consist ofa totallyhowogen~ sIuny or a miKture ofsmaD
pieces. A~enmpL: of this equipment is the Hobut 1eIticaI eutIlei-uJilw,r.
originally . for use In IarF wlume food prepuaIiOD induIaia.

Modem food prot Ion, In commercial sizes, an: also capahIe of chopping such
commodities Into suflicieDtIy fine pieces to provide hoaMJgeneity. Becm__
commerdaJ me food poc ! I CIt'S are smaDer than the 20 qt Hoban e:utreNDbters,
pronwillg of severaJ batches, foIJowed by thorough mixing, IDII)' he Dei 'Y-
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203-2

The presence ofUin and c:ar1iIlIF in rommodilia such .. raw meatad fiIb mUe
homogeuization difficult. Meat grinden, which force the product tIIrouP ope.
ingI in a plate. provide a belIer mechanian for hOJllClllmlzlng such p ...._
Some choppen (aboYe) am be equipped with grinder anpchmrnlS 10 that the
single device aena two JRlIPOlIfIL Food pnxmo'l1 (aboIoe) may lIIao conmrinute
these commodities to a suitably hCllllOgeDeoua state. In eithc:l' C88e.lieezing picas
of the product before grinding improva hCllJlOFDeity mfiDal miL

YIIIII

DIy. bani conunodltiea. IUCh as grains, .--... tIl-n individual UDiIa, bat oc:cd
further comminuting to expose all par1J til the product to the aoJooeot wed in the
anaIytic:al method elltraClion step. se-al types mmiDI have been fouDd PJi!abIe
for reducing commodities to penicIea of <20 mesh.

MiDI IUCh 81 the Wiley miD or Hammer miD pind the OMDliMdlty with a ....in&
aaion c:reated by metal bJades J'OIlIdng at high speed aaainat metal awing __
fiIces; a siew: __ that only penicIea ground to Jes man a ape< i;'Ied _ an:
able to~ through and be coDecb!d. These devices have -u dJawbw:b,
induding es:caBift heat buiIdnp and diIBc:uIt cleaning p'ClICedlil'fS. .... iDIpoI'
taut, UK tilmiDI can ClWIl: collllllOdity componenlS to~ from ooe maother
and I'5llt in a nonhomopneoul fiDal product. bccaJ_1Oft. -c:ht wmpollClllS
an: reduced to anaIler paniclea than are harder FnD and coatrnv

High power c:entrifupl miDI are better than theIe 10diticaal mm. for=
bani materlaIa, including thOle with high oU content such 8I1CJ7beana. Ceo •
mm. operate by grindiDg the product with a='Ie blade roar while pUUDd
partides are IIKMld tI1roup a liewoe by ceD • force. MOlt mode.. o&r •
Yariety mbJades and siegel, and the mID can be nadily d' mbIed for .........
c..,.adt;y of these mills is limited, 10 P"'; 'ug m-n 1... ,_ and .w.equent
mixing is usually nec ..,. but operation of the miD is ptffidmtly fait that the
eJfon is minimal

CrahI and crayfiIh that are marbted he mUll be ....Ifiuxl in order to .dIlOW
inedible par1J(~ in Section 10%). Freeze. coot. or au'«late l2'lIJ. to Jooaen
meat from lnedi pans; then prepare a homogenate of edible ponion by grind­
ing with a meat grinder. food procmor. or chopper.

T..............' ...J'IMI---..,.
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Blend eggs in a Waring or other blender at low~ fur ~ min or unlil c0m­
posite is homogeneous. Low speed blending will JDJJrimi7e foaming or "whipping"
ofaampJe.

JIIb

Preparation of hCJlllOleDeouI IlUDp1ea of fish dependa on whether IIIdD UJdIor
boDes are c:onaidered edible fur the puIicuIar species and prodw:t. In 111 c:aIeI,
preparation must meet the requiremenIB of reauJatory poJida OIl what portion of
the commodity to include in the composite (Section" 1ft). Skin is lemoted from
Ipec:ies whose skin is coDlidered inedible (lI.g•• e:at6sb). as are odler inedihIe
portions. such as heads, rails. scaJes. fins, Wcera. and 1Dedt"bJe bona (Table 102­
a). Water that results from thawing frozen fish should be dIsc:arded.

Grind the JTIDlIining composite three dmes in a meat grinder. fuodmcC':lIll1". or
food cutter equipped with a grinder auaebmeot [2]. If skin is . in the
edible portion. freeze poniooa ofIUitabJe me before introduaioo into the pinder;
this ClIUIIeI the skin to be mole brittle and mioimi_ doging of the piDdeI'.

Jl'ndI8 and Vcaei I 'N

Chop~ Ib dense commodities (11.1.. powoes. beeIa, c:anoG) or ;tIll! buIhel
Jooedy formed produCIB (lI.g•• cabbage. Jettuu. greens) in a Hoban -..er1ic:aI cuuer
mixer ;t5 min; stop machine and ICI'ape "material by hand into bouDm ofmixeI" at
1eut once during operation. 'Ibis tedmique _ found to produce adequate ....
dele size and distriblltioo in _ with teVera1 agricultural produCIB at__ time
interva1ll [5].

H.,.. sa-. ....Dty, I.wF.Feed....efl •

Grind aampIes to fiDe (about 20) mesh in a ceotrlfupllJ!l1J udog a I mm line.
CoDect ground materiaJ in the 500800 I capacity co11ectiJII JlUl and thonIuabIr
mix IegeI'lI1 batches as Dec ry to provide$ compoPte from wbic:Ii to
take the test_portion [4]. Some materiaJs,. in . hay. may require JlriodioK
throuBb a Wiley miD prior to fina1 grinding the ceotrlfupl mi1L -

Ifa ceotrlfupl miD is Dot ....ilable" grind aampIe8 thnlu&b a WIley miD or~
Ieot, taJdog care to~t ph,acaJ RpUatiooRpUatioo~the in che milL A
stepwise grinding piocedwe. with finer grind at elICh step. may be
Dec ry with IIOIDe produaI. At elICh step. Ample, divide ground material
into four IeCtioDs, reset miD to produce finer panic:1es, and Jqriod material from
hIO opposite quanen, until fina1 portion is $20 mesh.

If the product is to be analyzed for w1alIIe J'«'Iidues, which may be Jolt bee a'. of
the heat generated during grinding. cool the miD prior to grinding the ADIpIe by
grinding dry ice in it.

::a:: I01 2D3
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01, +

0iJIeeds are UIUaIly bud, ...n.. high in oil, 10 IperiaJ care ir required duriDg
initial grinding to prevent exc:asiw: heat buildup or aeparadoD ofoil &om the rert
of the cx>mmodjl;)'.

Grind wdl mixed IlIIIIpIe In e:enJrifupl~ wiIb 1 mm __ riDg to
produce l(I'OUIId product of S20 mesh. If· heat buDda up. aItemrIhdy
jpind without sieve riDg or WIe sieft with Jarpr 0JI"'i'tp ("6., 5 mm), then
regrind using 1 or 0.5 mm sieve. Maintain miD rotor IpCed at 20,000 rpm to IIid
in cooHng.

DIyPnld_ (PIIrD, DIy....... GndBr, &)

Products such as dry ,... should be treated .. dacrIbed for oill eJa

Rsfa8l1C8S

[1] Wheeler, WA, " Ill. (19'19) BwIL Eai:_ C. ' F TGlliAJl. IS. lI8'1-!9O

[2] 'Ibompoon, F.D. (Feb. 1976) "PrepenIion ofFishSr.O ••,·..e brGriDd­
iDg in Frozen &ate,- LIB 1860. FDA, RocbiIle, MD

[5] MOte. C.A. (June 1966) "SrmpIe Preprtadoa Uring the HobutVenical CUller
Mixer,- LIB 402, FDA, Roc:biIIe. MD

[4] Sawyer. L.D. OllJl. 1971) aA New MID for GriDdIng DlfIkuIt Srmp'es.- LIB
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204: SPECIAL REAGENT PREPARATION

2D4 A: IVIHD.X:1DII

Reagmll UIed in ttKe lIDlI1ytkaI chemistry must be c:ard'uIly cboIcn and bandied
to ensure their purity. Impurities in reagenll can aIUIe degndadoD oE laid_
during the lIDlI1ytkaI~ or can aIUIe detenDiDative step i'eIJ'""Il! that in_
fen: with detenDinalion of n:sidues. Each Jaboaatoiy'l quaIi -.ana: an
plan and ItlIDdanl opmuing proc:edurea (SOPs) (Sec:tion :2; abould :.s:::the
way in which reagenlS are teated for purity. purified if nec '7, and atored in a
manner that eDlIUn:II continued purity.

Thill aectioD CODlaina general tellS for r aget and IOhent purity. It also pcwidea
directions for handling and purifying e:enain reagenll that are comDlOil to maay
methods. Handling and purification of any reagent UIed in only one method are
described as pan of that method.

2D4 B: PAM' CDIfIIENTl:WS Fat REA/BIITS

Throughout PAM t, the following c:onventions are UIed to dac:ribe r VII:

1) LillI oEmVII for each method apc:df7 the pade that should be UIed;
auhaequent directiona refer to the reagent by name only, IIII1eIa more
than one grade is UIed in the method.

2) era.ld'eaence to tbiI aectioD is Included In method deM:ilption re­
ageDlI Jiala (CJapten S lIDd 4) wbenC\IIU the method mea a common
reagent for which apedaI diRctiona are Included here.

S) In a'- .n cases. aohaIlI must be cIladDed In aII1lI- lIpJIU8IiII; in
some cases (&g., HPLC mobile pbaaea). eYeD greater purific:ation is re­
quired or recommended.

4) Ume. otherwise apedfied, "water'" meana cHadIled __• aa:pt where
the water does not mix with the deramination. 85 in "waia' beib.• In the
Iauer c:ue, lap water is acceptable.

5) -uIaapwe water.· often required for HPLC. Id'era to the product pre­
pared uaing the MiJJi.Q__ purification .,aem or ill equhalent.

2D4 C: CBERAL 'SIS FaI FEAIBflPI.RTY

All reagrru UIed in a method should be cheded bv~furminI.n ... oE the
method with no I8iDple present. Thill -I gzat blank should W'C'OmJl'lDy me of
any method being uac:d for the first time. or after a period of inKIivity. and
periodic:ally thereafter. Ifperformance of a 1 gmt bIanJt indIc:arIs the pt:lC5Ke
ofan inielfeJence. individual rugUlIl (and apparabM) should be _ined lIepIt"
rateIy to locate and eliminate it.

204-1
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Sohenlll may be checked aeparaIeIyby CODCCDtratiDg !IOOmL to 5 mL in a Kuda_
Danish (K-D) concentrator with So,.ekr column and c:aHbnted n:ceiviug flask,
each previously riDsed with SOlvenL Fyamlnarion of5 111. COIlcaJnred solvent by
the dewmiJlatiw: IItep UIed in the anaIJIIia mould .-dt in no recorder ddleaioo
>1 mm from bueJine for 2-60 min after injection.

Other raplll and apparaIUI UIed in a method mould be checked by rinIinI(
them with IOlvenu that are UIed in the method, CODCCDtratiDg rime 1Ohm.. if
appropriate to the method, and chedinK for respo_ by the appropiate cIeIeJ':
IIlinatne 1Itep: No raponses mould be cfetec:ted

Tat for SnMe,__ 1"MwIncfIeIdcXIe .........__

Subllances that degrade rajdues may also be present in r iV' but IbeIe wm
not be identified by the previous test IIII1eII they also ClIIlSe cIetaminad¥e IlI:p
response. To detect II1ch unpurides, known amounlll of cbemlcah 1Ut;ea to tIeR­
radalion mould be added to the euraaing IOlvent (no mHiiiiWMllty) and the whole
method pe:tfonned. Nolioeable1_ci IeDIiIige chemirah indiate the 1* Wlice
ci11lJllCC!1ll2bl c:ootamiDanlllin the rap... Common conllPDinan.. ci this type
inc:Iude oyjdanla that may be present in IOhenIl; these 1M" dqpadation ci~
ganophosphonJl pesticides, especially c:arbophenotbio panicu1uIy duringevapo-
raliOD.

204 D: lESlS AMJ Pf.JFIFCA"TUtI PFn lb'f'S FCEl SPB>li
REAGENTS

PAM I methods apedC, 1W of acetoIritrile ctioh1lrd &om~ iIfIIW-' To
mUe 1W ci rapt gnde acetoniuile. test for 1mpurltieI byh?~r"ed
litmus paper OW!I' mouth of ItOrage container. If Iitmlll fE::DS .purify
4 L acetonitrile byaddln~85!fJ pm.phoric add. SO g pentoDde.
and boiling chip. then . to IlaDd OII'erIJiBbL DiItilJ .nBl-
at 81-82" C. diIcarding first ana last 10!fJ ci ctiod",,,r; do not esceed~

Et1I.JI Edler

PAM I methods IfIC'dfy 1W ci ethy1 ether diItilled &om .... iIfIIW- and
_ the presence of K ethanol added • a ......Jba" to 1*CKDt fomwtinq
ci peroyjdes. I'nIctic:al abelf life is limited, hOWCiU. _ when akohol hal been
added; pe:toyjdes form readily. Test for permddes UIing "Paoyjd Test" paper.

m-Wool

PAM I methods apedf'f 1W ciPyra Bl- wool, which can hate CODtamb.".. that
intetfere with detennlnalion. If I'eal'Dt b1anlt _ indicate that Bl- wool b
COIItamina'ed, rime it with solvent and airdry or heat 1 hr at 400" C.

Some PAM I methodllflC'dfy Ii1anhed Bl- woo1, which=pum ed To
sjlan;" glaa wool in laboratory.~ 10 min in 1~ ditne~· 0I'0Iilane. rime
with toluene, and~ another 10 min in methanol KinIe with melhanol and
allow to aiNIry.

Tea .......1"18IJ----
...........................Jf



PAM I methods specify UIC of anhydrouI, granular, n:aaent grlIde IOdium lIUIf.ale.
To remove phtbalate ciatcn that interfere in determiDatiima uIIing eIec:tron captwe
detectors, heat IOdium suUiue 4 br in muffle fumaa: at 600" C. Store in P.
containen; if plastic lids are UICd, separate them from IOdium suUiue with •
of foil

If reagent bIanIt _ indicate that IOdium sul&te is CODln1Juting Intedeaew:a tn
other determinations, rinse several dmes with acetone and ethanol, then dry.

F1orisiI, a ..tbetic magnesium aBate..used • an adIodJent In IDA JDetbocI.
ology, is sul!ject tn varlations in adsorptivity common tn __ IIIIlI1ytlcaI grlIde
adsorben... Yean of ezperience in uIIing FtorlsiI have led tn ellablisbmeDt of
procedures fur pun:basing, handling, and telling the mateaiaI tn=. and
standardize its Iication. PR Grade Dorisil (U.s. SiJic:a, BerteIey WV
~1I) is~~ other gradea _iJable from chemical :il1i::;
mea may be prepared differeDtIy by the _ufiKnuer and may eltbibit
difFeaent adIorptivity from what is~ fur PAM I methods. Handling direc­
lions are dePgned tn prevent coDtammation that may interfete with su'-luent
an.._ and tn ensure consistent adIorptivity throughout UIC of a panicuIar lot of
F10risiL
PU,. t '" and ........ 0bIene these procedurea fur handling F1oriIiI:

• u.e PR Grade FIorilIiI, ~IOO meab, calcined (bated) 5 br at 1250" F
(67'r C), fur an PAM I methods that require FIorlsII. Other grades may
not be c:apabIe ofprovicfing the elution pauemi required for IlK. fuI
appHcalion of the methods.

• Immediately after opening buIt lOCI ofFIorilIiI, aanIIfcr tn gIIIII contain­
en (preferably amber) that are g1= Itnppered or haft TeftoD.IIned or
foiI.Iined lICleW capB; _ in dart. Ac1ivate each • by beadng at
I!O" C for 168 br (I wk) before UIC. Store at 1~1n foiJ.c:overed
bottles. FlorlsiI may be heated in buIt in pint gI= bottIes or in indi­
YiduaI cobunn amounts in 50 mL Erlenmeyer ..... Cover containen
with foil tn prevent contamin..rIou, and UIC In rotadoo tn aw8d 1enKdIY
ItDrage time. Alternatively, Itnre stnppered container ofactivated Flciiisil
In dePceatnr at room tempenblre and reheat at I!O" C after 2 daJL

• If entire lot of Florlsii is pun:baed, perform _ below ClO C.h,.-1Ii1r
offour.fhe p,bgmplea taken from each dnJm with grain aier. Ccvnbine
onboampla, mix weII, and activate mix at I!O" C for 168 br before
tealing.

T...... Each lot of activated FlorlsiI _ be trIted before UIr tn drtenninr
whether lIlfiuItmrnts in cobunn IIiR are needed tn ea-re .....- elution and
quanlitatiwe ieWki' of peatiddrs. Dorisil column IIiR is dra e sed or mea led
tn adjust fur oveN"etentlVe or uncIeHetenthe FlorisiL Two tests IbouId be~
formed: the "lauric add 1rIl,' which measuns general adsorpdvit" and an elution
teat that confirms the appropriate elution of paticidea

l£C1 ....... 204
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LAURfC ACID TEST

Relvs.....

MiDI, P.A. (1968) J.~ Ojf. AtI4l. a-. Ill. 29-52

Pd rip'.

AdIorplivil)' caplldl)' ofFlorisil is meRAlred by fill-wi,. wdghed_I fA)~
oflauric acid in hexane solution. Amounl oflPuric acid not adsoIbed is m wed
by IilrPlion with PIbIi. Weighl of lauric acid adsorlled ("lA. Valuej is am­
quenlly used fA) caIculat.e~ wdgbt of that Joe of f1oriIi) equivaiem 10
SWKIanIized FloriIiJ CIA Vi 10).

Ap, '"

bum, 25 mL with 0.1 mL gnduatioIIP, a.. A

Ertenmqer 8PIb, 125 mL D8ITOW mouth and 25 mL T

GLC, equipped with "Ni eJearon c:apIU1'C (EC) PDd flAme phorometric,
phosphorus mode (FPD-P) detectors (Seclion !02 001. DG2)

pipell, 10 and 20 mL 11......0. ClAD A

wlumettic fIaab, 500 mL, a.. A

p • g.

ethAnol, USP or PhIoJute. neull'llhed to phenoJpJ..bP'ein

h_e. diadIIed from aJI.tII- app8r8IUI

IPuric Add, purified, CP

lauric acid solulioD. 10.000 g IPuric PCid/5OO mL haaDe (1 mL 80IndGD •
20 11'& lauric: acid)

phenolpbthpWg indic:P10I". 1 J/loo mL ethAnol

MMtium h)lCboxidc. pelle... reagent gnde

MMtium hjdtoxide P01adon. 0.05 N. Man 1 N I01uIioD (20 J/5OO mL _>,
and diltue 25 mL 10 500 mL with WAter. StandPnIize by weildliDR l00-::.:!
lauric acid into 125 mL ErJenme,oer fIRIk. Add 50 mL neUtrPlbed
and !l dropP phenolphthPlein indic:Ptor; till'8le fA) pc:nIIlIDeIll eDd poiDL
Calc:u1Pte 11'& lauric acid/mL 0.05 N sodium b)'Ch'mdde (About 10 mg/mL).



p ....~MonI8IVd. I

DhEJ"dp_

Calculate LA. Value for each Florilillot by perfotmiDg Ihe f01kMiDg tat in~
eate. When method directions in Olapters 5 and 4 require IIl§1ulmettt ofF10riIiI
weight for LA Value, calculate as follow: nO/LA Value x weight IpCdfied.

• Tnmsfcr 2.000 g FloriIIJ to 25 mLT~f1aIk. Cowlr1oolely wilh
alumiDum foil and heat OIIlemight at IllO" C.

• Stopper, cool to room remperature. add 20.0 mL lauric add IOIutioD
(400 mg). stopper, and shake occasiona11y 15 min.

• let adsorbent settle and pipet 10.0 mi. supernatant into 125 mL Eden­
~ f1uk. Awid indullon of any FIoriIll.

• Add 50 mL neutral a1cohoI and II drops pheno1phlhelein indJc:a.... _
lotion. nuare with 0.05 N sodium bJdroxide to permanent end poinL

• CaJo·late lA Value (mg lauric addIg F1oriIiI):
mL required foe tilnlioD x mg lauricKid

lAVa1uc =200- --"':-__----...;;....---
mL 0.05 N llICIium hydroxide

&:CILN 204

Bong, R.L. (1991) M"mneapotiI DiItric:t SOPS for F1oriIiI, FDA, private «'C)IDIIIIJDi­

cation

Pd·-if' •

Solutions ofpeatic:ides and butterfiIt are eluted &om F10riIiI c:oIuInm, lIdjIIIted for
lA Value. by eJuan.. from PAM J methods. AppIoptw.e elution of peld--Idcw and
weight of butterfat -uy that elution pattern and cleanup c:apadry are adequaIie.
Pesticides are chCJllell to pt'O\'ide iDdicators of imptoper efutioD. po« JI1oriIiI, and
impun: r: ililS.

Apfw.....

chromatographic c:ofumn. 2Z mID 1d x 500 mm, Teflort lItopCOCk, ClOIIIIe
pol'Olity fritted diIc

JC..D conceDttator. 500 mL, with SoJder column. two-belI JDicro.Sayder
oohmm, 'VOlumetric recehing t1aIIt

p , ..

acetonitrile. diIriIIed from anp appantuI, see~

ethyl ether. diBtlIIed from aJl«I- apparatus, with N ethanol • peac...
~. pe:toxide 1m: (see above)
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hexane, diatiJled from an.p. appualUI

methylene chloride, disdIled from aJJ.p. appmaIIII

petroleum ether, mq,1Ied from aJJ.p. appaIalIIa

eluanll: 6~ (v/v) ethyl ether/peuoleWD ether

15~ (v/v) ethyl ether/peuoJeum ether

5O~ (v/v) ethyl ether/petrOleum ether

eluant l-iO'J> methylene chloride/heDne (v/v). Dilute 200 mL -Ihflene
cbloride with haane•.w- mbnure 10 reach room temperaQIIe. and~
volume 10 1 L with hClWle.

eluant 2-OO~methylene cbloride/O.!5~ aeetoDitrile/49.65~ benne (vi
v/v). PIpet 5.5 mL aceIODiaile into 500 mL methyleDe cbloride and dilute
with hexane. ADow mbnure 10 reach room temperature and ... 10 1 L
with hClllIDC.

eluant S-OO~ methylene chlorIde/1.5~ lIceIOIIitrile/48.5~ ~ (v/vl
v). Pipet 15 mL acetonitrile into 500 mL methylene chloride mel dilute with
hexane. Allow IIlixtun! to tach room tempetatwe mel~ 10 1 L wiIh
hexane.

Pesticide pandvcl soludom, each mL oonllrin1ng th_ appihXlme'e (()Di en_
tiona:

A: 1.0 JIg hepP!CbJor, 5.0 JIg chlorpyrib, 2.0 JIg hC'plKbIor epiDir!e" 2.0 JIg
dieldrin, ~.O JIg eIl'''-dfim 1, ~:O JIg endoln1lfaD n. 10.0 JIg encbu.,...
IU1fatr

B: •.0 1&1 melalbiQn, 2.0 1&1 parathiOlHllethyl, 4.0 1&1 fonofos. 4.0 1&1
~

C: 20.0 JIll Arodor 12M. 200.0 Jog butteJfat

D: 1.0 III GBHC, 5.0 JIg chlorpyrifCll, 1.0 JIg heplacb1or. 2.0 JIg heptachlor
epoxide. 2.0 JIg dieldrin. 2.0 III endrin, 4.0 III maJatbiOO, 2.0 JIg .....
atbioJHDetbyJ

Dlawtl ...

• Prepare time HoriIil c:olumna 10 conllrin, RIPf:CIhdy: 1l0/IA. Value x
!O g. 2 g mon: than that, and 2 g leD than that. .

• RinJe oo!umns with 50 mL penoleum ether. diIcarding Ii-. PIare &D
with 10 mL volumetric fbsk under each column.

• Pipet 1.0 mL each IIlIDdard solutions A and B onto acb column. Rime
sides of column with .. 5 mL ponlona pettolewu ether. then rin8e
column with 50 mL pettoleum ether.

2JJ



• Elute each column with 200 mL 6'1. ethyl ether/petroleum ether. (C0l­
lect riDIa with this eluate.)

• aumge recehaa; elute each column with 200 mL 15'1. ethyl edtu/
petroleum ether.

• aumge ret:eiwera; elute each column with 200 mL 50'1. ethyl edtu/
petroleum ether.

• Concentrate each eluate, dilute to volume with helIaDe. mel iIgect about
5 JLL into apptopJiate GLC .,.em. to determine JeWidies. biJute 1.0
mL each SIaIldard solulioDs A mel B to 10 mL and _ diluted IOIutioo
as GLC reference ItaIldard.

• Consider F10risiJ lot lICICeplUIe if one of three c:oJumm permill CXJmo
p1ete recowery of _ compounds and ahibilI pt'OpeI' eIudon pmem
(heprachlor. hepw:bJor epoxide. cbIoiptiifoa, and fonofol in 6'1. eJ.
ate; dieldrin, endcwJ!fjm I. paraahion-meahyl, and pirimjpbOHDeihylIn
15~ eluate; malathion mel endoAJfan IUIfale in~ eluate; md en­
d«-11tim D In both 15 and 5O'J, eIuaia). Aa:cpcable recooeri is >8O'J(,
for aD COiIIJlOUiIds acept~. and fiO.9O'J> for hqltvblclr. In
ouIMequcnt.- oflot offlorilil, .- _ weight as that In column with
aa:eptllhle elution.

• H Done of the three c:oJumm ahJbilI prope.t eludon but • cor.hlent
relationship aiIlI between weight mel e1uaon. _ additional columns
ofweigh.. 5 g aheM: o;;.tfibelow that c:akulated using lA.Value. Hahae
columns abo do Dot bit proper elution, it is best to use • dift"erent
lot of F10risiL

H acceptable~t of FIorisil is detenDined, _ that column me Cunher with
foJlowlng proc:edura:

• RqJeat eIudon teIlI above. tiling 1.0 mL eadllOludoIII C mel D. Elute
coIimm with 2!iO mL petroleum ether. followed by 6, 15. mel 50'1. ethyl
ether/petroleum ether eluanll; coDed each eluate aeparaaeJy. Deter>­
mine recoveries of peeticido and 1IlCrify lICCUI'lIC)' of e1udon JlIIIkm _
Ing gas c:broJpatograph m lIuement.

• TnIIIfer each eluate quandlalively to separate tared 20 mL '-"r.
Evaporate soJw=nt on Iteam barb or hot pIaae until _.,t -"'t is
attalned to measure aDlOUJIt of butterfat recovered In each eluate. N­
ceptabIe lola of F10rIsil typic:aDy permit about 0.5 mr (1'lUIF 0-1.7 mr)
buuerfiIt to ehrte In perroieum'ether eluate. 0.1 (0.0.4) mr in 6'1. ethyl
ether/petroJeum ether. 82 (40-155) mgln 15~.and105 (60-172) mgin
50'1..

• Repeat eIudon teIlI~. UIing 1.0 mL each IOludoIII A mel B and
eluting wiah EluaDu 1. Z. and 5 instead of ethyl ether/peuoIeum ether
eluanll.

It is acceptable. once the F10rIsil lot has been teIIcd and appiupaiwe -"'t oC
F10rlsil determined, to me nFUre and record heJabt of column produced by speci­
fied~l; nubnequent columns nay then be prepared by me. ltuing beJabt ratber
than~t.

SECIO'I 204
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205: REFERENCE STANDARDS

The purity of refeJen.:e IIlIDdards lIIld use ofappropriaIe prepIU'lIdoII and ItOnIF
reehniques for standard solutions significantly·aftect auaIydcal I"SJ1lL Reliable
lIIld accurate clara am be oblaiDed only 1£ cornet auaIJtical samdanl I01ulioDa are
used for identificarion and quandWion. Each Iaboratory'l quality --.ce pr0­
gram plan (Section 206) should include aD dement on reference IIlIndudllIIld
standard solutions. SIandard openIing procedures (SOra) should Include JlII'O'&­
coli for obcaining, Jabe!ing, storing, lIIld handling standards. This sec:Iion provida
rudimenrary information that may be inCOlpOrared, • appropriare. into such
documenWion.

2CEA: s:J.SUB

Reference standards are currently avaiJabIe &om IlMIlII c:ornrnen:ial IIOUlalS, in­
cluding compu;ncs that supply only reference scanc:Wds,~ofspedalty J8bo.
ratory cbemicala, and suppIien of chromatopapbic L Elich " .........,
publishcs lisbI of reference standards for" pesdc:idea, I -00&..... UId CIeI'"
tain industriaJ chemica's Eligible laboratories, mainlyFederal Government ......
toriea, may a'so obcaIn referen.::e standards for _ c:Hmicah from a rep-FOh/'
maintained, under contract, bJ EPA; e!igJ"bi'ity is determined by EPA.

Reference standards in "neat" (UDdiIuted) form, prd"elablJ cerlifiedby EPA.1bouJd
be used wbeneger poIIII"bIe. If neat standards are not awiIabIe. certified soIuIiooa
of _duds may be used.

2CE 8: EGI.IIPM3VTA/tCJ ED..VENTS

Eq,djM eat

Equipment used for prepanuion and Ito.. ofreference samdBda UId .......tIo...
includea the following essendal, but not alHndusive. items:

I) analytical balance calibrated for" KCUI1IC)' of~.05 mg

2) ~trefrigerator/fr_.used only to store standards

5) IIllIDdard aoJutioD IIDnIge c:onlllinen:

a) amber colored, _ew-eap boUIea, I UId 2 oz

b) TdlorHined c:apI for boaIes

c) vIa's for woJtIng _duds

4) deIiccatol1l to store reference llandlllds. ........ vIa's c:onralning~
cant can be used • individuaJ deaia:alOl1l for vIa's of IIlIIldards..

5) appropriate wJumetric~. pipers, or micro6te1' .,.hap

_ .... 114-1 (1/84)
_1Ol_1SIII2l 2C5-1
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Pesticide residue quality sohenll are _lial for pRJlIII'8Iioo of .aer __
dud solutions. Sofwenll mould be checked before 1iR for die pi" EKnce of inter­
fering subslances by injecting die IOhleot into die cIetaminalige S, lem(s) to be
UICd.

Choice DCsoltent isSOIDetimea.resllicted bysolubilityaDd oWUIityofdie pardc:uIar
chemicaL The foIIowiDg IOhoeDlI, in order of pref'eraace. should be wed to pR­
pare iIlaDdanllOlutioa., if sui1llble for die particular cbemk:aJ. iIOO' 'M'1e (2,2,4­
trimethylpentane). h_. acetone. iaopJopauo1, mel toluene.

2D5 c: S1CRAGE

RefeJmce SllIiIdaiCla must be IlORd propel, to pe,cot undainbIr:R~
IUch as oxldadon,~t,or hydroIfsIs.lmpoperstonp c:aD IeMto m­
oe integrity of preriouIIf acxep1lIbIe SllIiIdards. 5toJ1IA'e coadiliam _ .. pR­
_t die ~"bIIityoe ez1enIlll CXJI'quninalkln. Stange aequhe.ueull are depeD.
dent on die chemic:aI mel phy8Ic:aJ pope.t tia of die cbemic:al of iD__lIi"e

much DlOR auingeDt for voladle. reacthoe. or lJDNlIIft COIDpC"'.... Rniew lite
physical aDd chemical flopellies of each compouud ro detenuiK wbich .....e
c:ooditiooa are appropriate. )l'mbmun aequiremenll for long tam UfOS1IIC of_
lyticaI .efeJence SlIlDdards follow:

• H at aD poIIible. store n,fuence IClIJJdards iD tipdy -W CIOIllllinen
UDder deskxalioo in a freaer.

• &ore more UllIbIe compouods, IUch as OJPIlochJorine f<*1¥.dc.. in •
refriparor ifr.- is Dol aftiIable

RefeJmce staMarek tbat have '-n IIUlRd in leliigeraton 01' fie EZ En _ be
brought 10 room leii,"'nmre in a desia:ator prior ro weigbtng_

2D5 D: PI.RTY

The anaJtst is raponsible for bowing die purity oe die .efeJaac:e SllIiIda"ll wed
ro obcain repoJUd dala. FoDow diae JUles fur uic:oIding iDfonnadoa about JefaI.
ence IIlaDdanl purity:

• Slandards widl known purity~:weight ..,be lec:onIed as = 'led;
it is oot IIC\ I'f to correct for puritt.

• SCandarda with purity <99...: apply lfIPiopriale correaion factor to __
IUI'ed weights,

• Tedmkal staOOanIa with uotnown purity (use ouJr if tbis is dae ouJr
_118" ref'.eJence iIlaDdaid): Rc:onl weigbt as m ned, do _ COllect
for purity. but inc:lude a note on tbe lIOUI'Ce and uabowD purh:y of tbis
iIlaDdanl wltb die results of ant analtais whOle resuJb rely-OIl dIis __
dard.

,t(
---~---------



l£CIUi 205

2a5 E: STANJAFCJ fD..LJTUIIS

Use of inaccurate staDdard solwioDa leads to c:orrapondingJy inOOlTeCt cIaIa nco
if excellent tedmique and insUumenWiOll an: empIored. Many IIIIaIyIla CODIider
problema lIIIOriared vI!h ItaDdards and ItaDdanI soIutioDa .. tbc paIeIt IIiJI&le
source ofenor in tnce residue ..w,.a. SlaadanlIOlution llCCIII'ICY is dependent
on lICCUt'ale ~jng, correct choke of JOhIenl, c:hemIcaI 81abi1ity. appropriaI£
stonge conditioDJ, and accuraq' in recording !he information ahoUf solutioa
prepara!ion.

DeB,,'....

The foDowing definitioDa an: used in dbr .ona of "aDdanl1lOluliOlla:

lUIudanl "stock" soIutioDl: initial solution &om wblch other dilute du­
tiona an: prepared

ItaDdard "worting" solulio_ prepared from Itock solwioDa IlIld appr0pri-
ately dilured for use in quantilation •

ProtocolI .............. ··e""·pdSollllkJ •

Weill hit Sh ' cia.

• Ule ollly 1Ui1llble IlIld CIItibnted maIytkaI baI._ to weiBb IUIndou....

• Weip soJidll Dot aft'ecred by moisture on lIIIllIyticaI beJances with pana
open to atnlOIphere.

• Weigh IC'lJljooIjd IUIDCIardII or Ilquid llandanls by tedmique ......oplate
ID pbylica1ll1ld chemical properties of compound. For example, add
material to tared volumetric: DaIk, then immecIlateIy stopper and reo
~fIask..

• RiIIIe volumetric: gI uue wi!h JOhIenl in wbich otandard wID be _
ao'-I.

• Ute pipeU. wlumetric: gI wwe. or IICCUIlIte miaoIiter ifIiJide1 for di­
lution.

• DiIIOIve .efet_ ItaDdard in sohent in wbich it it blown ID be~
plctdy soluble. Be awre al UIJ IOJidlI mnaining in !he soludon, and
enmre that diIIIIolution is complete before using.
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• Use IOlftnlS of IoweIt~. lowat iWCtlviIJ, aud~ toddI.y po.
sible, H nec '7 to UIC a 1_ desirable to1¥ml In order to c:ompIeIdy
diAolw: waghed Ilaooard, UIC minimum amount _ .., for complete
diAolulion. then dDure with to1¥mt of choicc:. 01eck for Jliecipilation
that may be auJRd by addition of cIiluenl.

• Hpwa"ble.1I'erif1101uQon identity and concentradcm by~I~~
DliDali¥e system data for new IOIution to data Jlievioualy npUnI;..t that
chemical.

• Be aware that 'fXdal storage c:onditiona may be nee " for ooIutioua
pn:pered from chemjnlk that are u!llll!ble. reac:the. or wIaIiJe.

• Prepare new lVOIting ItaDdard I01utiom &c:quendy. at last nery 6 DlO.

• VerifY acauacy of CODCeDaation of liOIking I01utioua • needed.

JtecoN.Lecp' g,

• Use ojrniJar fonDaII in an typesall~ tOr almk lype wart.
(ThIs approach ill • recomJDCDCkd to labontoria within -the .me
cqanization but at Yai'ious locatioDL)

• Record an IlIW data, -=It • physical ~annc:e.-"'1 of IIIIIerial •
aoIvaI, and dilutiouI; haft ali eitlallaMns cbecked by a ICCOItd .....,..

·=::=::=~:'d":i:~1:::"name, (OO"e'·

2CJ!j F: SAFETY

2CJ!j G: DISPCSAL tF IVovaSTA/IDAICS AND ED...U'TUB

Padcide uk..,ncc IllUIdatdI, inc:ludinI pri.-y or ....Idug IOIntionI, are dMIi­
fied. hazanlous _ uncIc:r me reqWremeDlI althe Jaolm:e GNIk'WIIion aud
Recotet, Act. As lOeb. pouioioo for applopdare coUea1on, IIIOJ'IF. aud oIilpc'lll
of 0lJtdated reference standardI must be included In each Jaboruory'a bazanloua
_ ctiapoaJ plana (section 208).
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206: QUAUTY ASSURANCE AND QUAIJTY CONTROl

2CJB A: IB'EFIAL PRN:Fl.ES

Quality _c:e (QA) and quaUty control (Q.C) should be integral puts otany
pesticide residue program in order to eDIIII'e the accuracy and appropriate doc:o­
mentatioD ofdana ~nerared by the paogram. The QAp.-. 00..... of IMn...
ment rmew and ovenight at the p1UIlling, implementation, and c:ompJdioo-.a
of the data collection acliYity to ensure that data are of the quality required. The
Q.<: process includes thcee aaivitic:l required during data collecdon to IJI'OChxe
the data quality desired and to dOCUlllent the quality of the coIJeaed cfata.. QA.
aaiwides eDIIII'e that the Q.<: SJlfem iI functioning effecthdy and that any def!c:ien-
des are corrected.

QNQ.<: progratDI related to paddde raidue~ empheehe the imporlli4Ce
ofaccuracy and n:JI, bj6ty ofdata. ltcplatory aclioo • '-d on IUCh ..w,-. •
~ long term dKWioJlll such • bUllling palic:ida. A wdUimetioning QAlQ.<:
program bereftlll the laboratory and the regulatory J>I'OfPUl by:

1) ensuriDg that dana~ ICientific:al1y -00 and 1epIIy cIelbwlbJe

2) p_viug dana inlqrity, validity, and 1U8biIi1y

S) ensuriDg that aoaIytkal_t.,.....~ maintained in an lICo
cep13b1e _ of IlllbiIity and leproducibility

4) amNiibing the conlinulng need for II'lIining

5) R'OOgDizing proNrma tJuousb data _ 'cnt

6)~COIkClive aaion procedures that keep the anaJ,tkal pro­

Each laboratory should ......... a QNQ.<: program to _ reliable -a,dca1
data and to document illl re1iabiIity. 1biI program IhouId include Q.C prooedma.
any neceRJy cornClne amon, and an clCx:ulDenUltion required during dala c0l­
lection. The IaboratoJy IhouId pepare. malnlllin, and IIIppOrt both a written QA.
Program Plan and itlIDdanl operaling pilxedurea (SOPa). The written QA Pro­
r::::;.aDd SOPi ahou1d rdIect aaivida ai theyare currently petfonDr:d in the

DiftieJena:a betli een a QA Prognun Plan and SOPa are aubtIe. A QA. Ptogr_ Plan
provida, in genenl renna, the QAlQ.C aclivitia, poIida. organization, tI1!i«d.....
and functional guidelina, whiJe SOPi provide detailed IleJHly ilep paoc:edwa for
opcradoDl, analyaia, and aaion. The wriling wic:e for the two IJP«'i ofdoc:uucnta
iI cliffeJCDt, with the QA. Program 1'Ilmi uauaDy written in lpdicttitjIe it)'Ie and SOPa
in impmotive...,%. Written documenlll (both QA. Program I'Iana and SOPi) that
daaibe F a perl'onned to aa:ompllah the goaJa of the PropuD mould
relate to raulllI nther than to apecific: aetivitia or procedura. GoaIa ibould be
acbievable and _nahle iO that the program'. PMXeD an be evalualecI.

206-1
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Computer appUcaliOIll form a IIlbret of topla within Iabomory QWQC • c0m­
puters inarasingly repJace mauy lDlIDual piOCedWes related to JahoaalOl} opaa­
tiona and daIa colleaion. Compuws DOW manage operaliona, inllClfa:e with 1ah&
ratory equipment, and gmente scienlific/t«bnical repona, They are iua ....,
used in Iaboratoriel to procas, lItore. and~ daIa; Kheduk: mel monilor
work throughput; gmente tat repoIU; capture daIa direc:dy from hwJ""ri"';
control aiuc.I eJJYironmeDlaI condidoDS; and pOCdI and diIpIar WJonmry .....
ity control daaL~ Program Plan eJemenll and SOPS IhoaIcf bci wriueD to covel'
computers and their appIicaIiOlll wilereva' appropriate to the Jabcnrory'l 0pera­
tion.

TbillCCtion prvvIda IUUt I lions for a~ Propam Plan • -U _Suidmoee for
preperiDg SOPs. These matcriaIa are augestioDI only; their appeaa__ in daia
manual doca not ......bJilb them~'II within IDA or doc_ben:. Eadl
laboratory and is for prepuadon of__ ............i-
ate to ill own~requmd progrlIIIII in which it puticipal.'

206 B: GI4 PFlJGRAM PUW

The elemenll ofa wriuen~Projpam PIaD, 0IUIined below. may bec:- ill
any order. CoDIicIeration ghm to each element wm diIFer among lIIOIia,
depending upon IaboIatoty aeuing. function. and quality of the m deli.......
deemed aaentiaL A~ PtOjjiam Plan should fit the DCecb of the Iabcnlory'l
program and Is not limited to these elemenlS.

QadtyComrol ....
A. 0rpniJati0naI chan with reportinB reIationabipa
B.Respo_'biJitiea

1. Anignmenll of QC and~
2. Managemeut of the quality SJ'IllCID

Qudtyofllql"J -
A. PeifuJmaoc:e aiteria for each lJPe of equipment, incIuding.........­

JIIiDinn.un _darda
B. ReaponsiNe penon for:

1. Pc:dormanc:e checb
t. E'f8IuatiDg pafiBmanoee check raul..

C. Frequency of perfonDUK:e dtecb
D. CoJTec:tiwe 'ICdtm CC['lipment fiIiJure
Eo Equipment petformanc:e Jog boob
F. Equipment maintenance Jog boob 8a'1111die and up4XHIate

Qua1II1ofSt. wi '..... 2' '
A. Preparation. labeIinBo and documentation ofr~.. and ..ndanIs
B. Standuda

1. Jdeotific:gtion of primIIry tAl IeCODdary ..ManIa
%. VerificaIiClIl of secondary mndlll'da (purity. potency. and vlahiJily)
5. Documentation of wrification

_ .......1111lM1----



4. Fn:quencyof~
5. Handling and stoJage of Mmdard IDlIteriaJI

C. Reagenll/mectiallOhieDlI
1. Handling and stoJage
2. Procurement procedures to IIUJJPlT and qualty
S. Criteria for laboratory~D and fRquenc:y

Lt. ·tCeI e..tn.I/FIdIitJ
A. Environmental condldom doc:umenaulon

1. SampJa
2. IoitiWD,o:nll/equipment
S. Computen
4. Penonnel

B. Fadlity
1. SecmiIy

a. Labontory
b. Computer

2.•M handling.,.rem maintenance documenwion
S. Sample handling and ItOnse

QaaIlty ofAaaIJtieaIWen
A. Method validation
B. Q}JaIity control

1. ResponpOj1jty desipatjcm
%. SpedficadoD of inwvaJs for intemal QC teeImiqnes

a. FOIIified ample
b. AnalJsia of ItaDdard ..:weoce material
Co Duplicare analysis reqWmnenll
Ii Split """Plea

S. Reference material analysis
4. Conectiw aetion-Q.C f.aiIure

C. Sample~ pooedwes
D. CaJibralion procedure and tmpJcncy
E. Coneaite action naJpia/c:aJibntjcm f.aiIure

1. Decilioll JIIO' !I eI

2. Responm"biJity for iDiliadoD
5. Proadure for c>orreclicm

QalIIit1 ofAMIJdatI nc.-I '....
A. Data generation, manual or componeized

1. Data coIJeaion procedures
2. Data Rdue:tioD procedures
5. Data -'idatjcm proccdura

SEC.OJ 2CI6
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4. Data reponing and approval proceclwtll
a. Supa viaory review of analytical -.bh_
b. Internal IabolatOIy audit of worbheell
Co Oral review of -.bh_

5. Data maintenana: (srorage. ietlieval, aud _lion)
B. Laboniory notebook aud log book policy

Aadit8
A Paformancc lIbdil8 inJema1/CllICnIaI
B. s,aem audi-.mirmal/CllICnIaI

A Sample receipt
I. Sample CUIllldy
2. Sample lI'lIcklug

B. Sample ItOnIIF and bandJjng

C. Sample acheduling
D. Sample diIpoDIIarchiving

QaIIIl9 ofJul ""'Mlte S, •
A TJaiDing ptogtWD

B. QA repons to manageD ent

C. COllective action procedureI

2OBC:&J=S

1D onIer to obWD reliable aud doc:umenit:d~ adherence 10~
lIIIaJ,ticaJ methodology iI imperati\oe. 1D any opc:raIioo pafOnDed GIl a iepetilhe
basis, JePI'Odua1JiJity iI best accomp]isbed through _ of SOPs. The SOP ..
scribes the CC'IIUI'OD1y accepted meJbod(a) for pafunulug ceilain lOlIliDe 01' re­
petitive 1aIb. Adherence to SOPsenaures that lIDlIJ,dc:aI.-.Ila are ..JANe" repr0­
ducible. and J*operly documeDit:d and thus support dala quality.

SOPs prqmed by IaboniOriea should be liJHO'date. mmpreheoahe. dear. aud
aufliciendy detailed 10 permit duplication of resulil by qualified ..w,.u. In addi­
lion. aD SOPS should be:

1) _aN<: to dOCUIDeJllatiOD that ilpdlideDdy C'1lDIpIete 10 reconI pab­
mana: of aD taab nquired by the procedure

2) COi"htent with cwreDt guidelines, reguJadCllla, and other n:qoiremcDiI

5) OODIia'eDt with iDattumeot maDlJfaetJlren' specific iDatruetioa matl1IlIIa

4) incIuaitoe of ooneetlve measures aud feedb8cIt .........mlmw ndJlpd wheo
aoa1yticaI .-.Ila do DOt meet procedwal requiJemeota

5) ieviewed reguJatty aud updait:d as nee
modiIic:atioDs are made

ry when tildlity or prucedwal



6) apable ofdemoDlU8llng vaIIdlty ofdala reponed by the laboratory aud
explaining the cause of missing or 11>. """Iarnt .-....

7) sul!ject to a document control procedure that preduda the UIC cL _
dated or inappropriate SOl's

8) avaiJable at appropriate work ItaIions

9) an:bM:d for finure reference or C9idendary IIiIllatioDl

SOP! should be written in a format prescribed by the operatioDlIl QA=
Plan; establisbment of a format promotes c:orelslency among SOl's and' -
the writing proc:e-. SOl's are lmIaIly written in imperative mode.

TypkaI topia for SOPll Inc:lude the following:

1) General Iaboratory teduUqueI; &1-. UIC of p.ware; II' ware dean­
ing; pipetting techniques; aualyIical "Janca, calilntiOa and UIC

i) Reagen. and -mud~ including 1OUI1lC. couc:entradon,
1tOIage. and Jahe!ing (&,~ ICC Sections 204, Special Reagent Prepara­
tion. and 205. Rd'erence Standards)

,
!l) Sample lIIlUIagcment; &,~ receipt. bandIing, and aDtody; ICheduling;

shipping requirements; and IUDple atorage

4) lDIttument aud mmputer calibration and maintenance; &,.. maIn~
nance lop. procedwe and 1Chedule. ICI'Vice 1II1'aDgeDICD'" lIpIII'C p8IU

5) LaboJatory tat methoda, induding IUDple prqlUIIIion lIIId ...,.
(analyte and matrix specific). telKpeCific QC, instrument __Ianti..
tion. and quantitation and reporting Umi.

6) Procedures for dala reduaIoo; includes dala wJidation. Mit:Wiugo and
reporting; 'Wei if)oing electronic dala input; and elecbonlc aeponing

7) Records JiIlIii.aPiDePt; &,_. generating. CODb'OlIing. and ardliviDg
projecHpeeific and operatioDs recorda; Jwcb'P and recota, cL c0m­

puter data; ddining raw dala .

8) LaboJatory Q.C; &I. procedures for determiniDr method qtm>ritation
limi... acceptance~clioDcriteria for bJaD::;I~

titation Dmit, ods paeciIioD and bias, • • bias,::0'::'hr:-.pecific precision. coutroJ Umi.. for preciIiOD and - hist0ri­
cal perfonaumce

9) Uboaatory recorda bat!d1ing. including review. appOft1, and auillcm;
computer data cotay; and security

10) Waste dDt-aJ; induda diet-. of AmpJeo and _ material

11) Q,\ R:9it:w; indudes requiremenll for intema1, CllIerDIII, and OIHite
III ..eDt

11•••_ ......1/11lM1

....""'--
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207: SAFETY

Cbemisla llJIlI1yzing foods for patic:ide resid.- are aIfectcd br IIIfety--. _ are
alI penona woding in or managing chemkallaboratorieL There are IIWIf cbaJ.
lenRa and obIw:Ies to enauriDg a safe workplace, especially the C08llI ofllflll"8lliDg
fadlities aDd providing appropriate trainiDg, but by d~opiDgan eff«dw; plan
and extensi\IIe training of aD emplOJ'=C'1, safe aDd healthy wort conditions are
attajn8ble~

It is beyond the ICOpe of the PAM to~ derailI of an adequaIe labomoIy
safety program. Iftllead, this seaion Is mduded to J)l'O\'ide b8dpouDd infuI_
don on !awl and regulations related to laboratory safety and to __ the need for
C'IeJY IaboratoJy to have a safety plan and for eveJY~ to adhere to that
plan. Bec:auIe the PAM Is 1arRelY d'irected toward and 1Med by laboratory chern...
responsibilities of the indivicIwil chemist for laboratory safety are emphaolzed

2078: LAWSAND FB3UlATDIIS RB.A7ED TOSAFETY

WhIle it ha lI1waJs been in the belt in_ of empIcJJen to eJiiWe that IIIfety II
a primary concern to reduce injuria, property damage, liability, and loR time of
empJo,ees from the job, occupatiollB1 lIlifeti aDd~ health __ hate
draIticaDy changed in the _ 20~ _ a result of regulatory OiCJlligbt. The
following !awl and regulations form the buiI for safety requirements in the UBi_
States:

I) WiJlia-stei&er Occup8dODal s.£ety and H~thAct.1970, whicb eIDb­
Iiahed the Oc:cupad9DBl Wety and Health AdmIDiIaadon (OSHA) and
authorized it to regulate safety and~ iIIua for aD empIoyea

2) bec:uthe Order 12196, 1980,.whicb lettuhea each Federal apnc:y to
have an occupational safety aDd health pOIP"am

5) 29 Code of Federal Itegnla tions (CFIt.) 1910, whicb Includes OSHA'_
reguladons for bDic and hazardous _nbMana:a (listed in SuIJput Z
Sections 1910.1000-1910.15(0) that afJect laboratory penonnel. 29 CFIt.
1910 indudes the following IIJlCdtic regnladons:

a) 1910.1000 _bf"'-, for specilI. c:henrica1l, Ilmi1I on the IeloeIs to
wbich emp}oyea may be elpoeed Depending on the haJanI of the
chemical,-a limit Is defined either _ a penniIIibIe eal-.ore Bmit
(pEL), melilwed in a time weigh__• (1WA) ower an 8 hr day,
or _ a abort term e><pOlIUJ'e Jlmit (SlU), mea lied in a 15min lWA
expc»ure, not to be esc:eeded at any time. Cbenrica1l for whicb 1'ELI,
twAs, and STELl hate been embJ!Ihed are lilted in Table Z of
Section 1910.1000, along with the JlmilJ. ImpJemenwion of these
reguladonI requires engineering or aclminictrathe contlo1l to paUlec:t
laboratory empIoyea from e:IlCeII M!JX'I'Jre or, in the ahlenee or
ineflidenc:y of these controll, __ of penonal proteetnoe equipment
(PPE).
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b) 1910.1200, alto known • the HaranI CommunkaIioD !!candald. Ie­

quira that manufiu:tDren and importen « hazanloaa malCliaII pr0­
tect _ from potential dangen by ~'b:.iuI:uDO'ifirarion «
the hazards, in the form « a Matai8l Safely Sheet (MSDS) Cor
each chemkaJ. lbiI section aIIo RqUira 1II111mfiw DliCii to provide
hazard informadon on chemical container Iabds.

It is FDA pollc:y to select operaIional ib.....pea dw eo.ter a .. mel hewhbful
emirooment for aD~ and Cor thole CIOIIiIDUIIitia In which FDAopea-.
IDA complies with OSHA repJatiODi, inc:luding -iDI thlII iii J8honImei
operate aa:oJdiDg to the Lab Standard. To that cud, each FDA Iabontory has
prepand a ClIP. IDA's Safety and Oa:upaIionaJ HcaJth Mamtaaacnt Ptogt_ is
dacribcd in lbe FDA SId Manual Guide, 21!O.1 throPgb 2130.7.

207 C: MA7l:RIAL. SAFETYDATASfEETS

An MSDS, requiRd by OSHA', Hazud Communicadon Standard, ..~
ClIIUtionary information to lbe __ on phJskal and hea1dl hazards oLan •
chemicaL Its _"ability euabtes chemists to mate hazard detenniolIIioDs Cor
materilIIs handled In lbe Iabora1oJy and to identifY UIIIIfe amditioos lbat ...,
eOn. The recognized IOlJft:C 01: an MSDS for UIJ" haanlOlll -.erial is lbe __
1DlIDlJfacturer. If aWd, msnufacturers usually wiD provide vsns- Cor cbemkah
pun:based prior to the SlandanL OSHA aIIo rerogniw's pneric MSDs. • a ...
stiblte for thoee oL lbe KtuaI manufacturer when the origiDaI MSDS is not avai1­
able; these may be ruhstibJted for older materials manufaaured by a ..qtt"euy duit
has gone out 01: busin-.

I) IIIbeI name of the materiaJ; mlUmfadllret"'s _, addraI, and telephone
numben Cor anagendcs; mel further infonnlIIion

2) list «aD ba2ardous JDsredients, by chemical and C'OII!IOOI! --. pel'
centsge concentrlllioD «each Iwudous compooent, and _bIiSbCd PEU
and/or tbrabold limit YaIues (TLV,), _bIishcd by the American Coo­
ference of Goftmmental ~iIII lfJgio nists

1I) YaJious pbJsicaI mel chemical c:hanctedsdcs, inc:ludiJlg boiling point,
spcdfic gravity, appe8IUlcc and odor, meIdng point, iOlnbiIity, vapor
pt"eIIIUlC, evaporation rate, odor' tbreibold. iii:.
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4) fiR and ellploIion hazard data for fire tighten, with IlICh inf.."wtion •
flash point, bazardoUl fire decompoai~produclB. speda' fire.figbling
procedures, flammabl.e JimilB, and upper and lower expkV>n limit coo­
cenll'lllions

5) reaclivity data fonlabillty. iDn ...,..d1vllty. hazlIrdous dec••,....tion~
Dca, polymerizalion poteDliaJ, and conditiODS to awid

6) health hazard infonnatiou with Ipecific iD£omIation OD _ and c:hrooic
health effecu expected for each route ofentry into the body. whether a
carcinogen is present. what IitpiI and 1JIIlPlO- can be expected if a­
poKd. what medical conditions could be agravated If e*I"llIeIf. and
~cy/flntaid to be admjuielered if apoeed

7) precautiona for IlIfe handling and \lie of the material, indudIng ..­
dures for spill cleanup and _ dkpoMl, conditicJm to awid when SlOt­
log the material, and any other precautions for band1iDg the IIIIderial

8) recommended control JDeMlII'eI, IUCh • what PPE obcJnld be used when
handling the material, whether epedaI wmdJetion is needed when han­
dling the marerial, what pOft and e,.: proteetion is needed. whether ...,
other proteethoe equipment II needed. and what other work or hygienic:
practices should be folJowed when bmdUng me material

MSD& provide me laboratory empJoree wkh al'elMly~ of inbmMioo aboul
chemical hazard, much of which can be used during cleftk>pment of SOFa (be­
low). MSD& can also be used to accompany shipmenla oC bazanlOUI mareriaII to
fuIfiU me Department of Transportation requiremenla for infonnation on spill
remediation.

lIan.tf8cNn:n often mxmunend eztenIhoe oonuot methoda for _ of their baa­
anlOUI materiallto lnIOid any 6abiIIty. even when the eODcroIa addJ_ the CODoeo­
trated Conn oC the DWterial and noJDllll uage imoIvea • diluted product. VSOSt
often do not gift: Ipedfic iDfuImation for _ ot"ll'lGl and adler bJ&hly n:gu­
Jated_. beeauae such requjremenla vary by gc:tli1apbic Joc:atioll. Specific infor.
madon is -nyJacking for eucdy which PPE mould be UlICd to -.old~
lion oC tnlde name products or beea_ the manufam"'el' hat Dot ..... thcJr.
oughIy lelIted various PPEs wkh the producL The infonnadon praenlllld in MSD&
is -wJy-rgmera1, but .....hnical• in nature. OSHA hal ap1 J! II conc:em~
me quantity and quality oC infonnadon praent in the MSDSe: manufaauren 8R
requin:d to complete Qch Iedion, even if me only information conoqed is that
inadequate latiDg hat been done.

207 D: CE1IEl.!HIENTa:A ae.tC4L. HVGIE1E PLAN

AI requin:d by OSHA', UIb SamdanI, each Iahonrory muat haw! a ClIP that
plOiidea written statemenlS oC work practices. proc:edura, and poJjcIes inteDded
to reduce me potential for empJoree e*jw:llWe to hazardous chemIc:aIs. The CHPm_ be made ltlIaiIabIe to aD~ The UIb Standard is • peJfomw_
orienlllld standard that can be readily eJumsed to addJ_ the CIIITeIlt nceda of the
Iahonrory penonnel; such Oaibility fllCnilatel comp'ianote. despite the compIaity
and ~ty oC laIb petformed in the laboratory. The CHP muat identity.

n••'........',U..)
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1) standard operating ptoa:dun:a (SOPs). relevant to Afety and heakh. fOr
activities imolving we of hazardous chemic:all. Iadl SOP _ idendCy:
the exact nature of the hazanI, what IlIfety poced_ 8ft eaNjslw:d to
eliminate or reduce the hazard, what perscmal proceaift clothing and
equipment an: needed to protect the empIo,ee. what jmmc:diete ItepI
wiD be taken in the event of an emergency or IpiII, and what IteJ!I wlD
be taken to mnedy the silUlltion af'terwadll, Il1Ch as decoallpDjn_ of
a spm. sops should proride procedures for: handling higbly IfICdlW:
reactift chemialll; operating~.meDt whole ':t:: potmtial u.
_ ...... --""-- _ _... • l..._I.0__ • ;,;" -.a:...
aaua, IUilll.UU uvu, 01' ."'t-As .~ DODym~ .........

lion; handling c:ompt"! I ed and high pre8IU1'C gases; and _king with
cxnemely low or high telDpentnns.

2) aiteria I-t to detennine when additlooal CIllDII'01a 8ft D IIdell to re­
duce potential penonnel "l"'lre. pu1ic:uluIy when higbly todc awe­
rialJ are used. ProriIion _ be made for addiliona1 proteeIion wheD a
~ imo__ ofhigbly todc or hazardoua ClOIDJlOI1eDli, ...,-00110­
the fDldna, or carcinflBCDL Such prou:cdoD ClIII iJIc:1ude ieeIlarioI die
work area, Bmiling penonnel assiped to the poject, puriding Jperial
PPE, n:quiring deco»tamlnation IlepI. outlining Ip"CieI _ ~
ations, and providing Ip"CieI emergency safety eqlllJRDe11t and CIllDtaiD­
ment dc:ricea.

5) drcumItanc:a under which ceJtain labollltOl')' poc:edwes require prior
appiCNal of the superviIor

5) proe:eetures fOr monitoring fOr myIUbItancc regu1aIed byOSHA, Ifthere
• reaJOD to believe tbJIt expo-me levels esceed the action Ietd, 01', in
the a!llenee of an IICIion le\oel, the PEL legel

6) prcwbiooa fOr maintaining indmdual~ reconII of"I--'n: JI1CIID.
toring, medical c:onsuhations, and evaluatiom

7) pnwisioDI for~e1 training and mom adon

8) procedwa for eft1uadDg engineering conuoiJ, IUc:h as fume boodI. to
WrIfy proper funaioning

9) idenrificarion and -mtenal1ee ofemageucy bancIIlng eqllIj4M'11l.111Cb
as fire extinpiaben,~ washes, IlIfety showal, fire a1anDI, lie.

10) mel ureJ taken to ensure PPE II functioning c:onecdy

11) emagency lespoaae and remediadou plocedma

12) the C1emical Hyp:u.e 0f6c:er who wiD dewielop I4Id hnp'enent the ClIP.
and other individuala rapolllible fOr implementing my portioD of it,
including phone numben

, .............1I1/M----



15) proc:edura for IIOring mareriab safely. &sua addr lId in tbillI!CtioD
should include dutes ofchemicals lIJId aegreguiou to -.e COOI~
ibilicy, expected lifetime of cbemic:ala in peraI, IpeCial _ ~
degradation ill common ("-g., piaic add and permdde formen).lIJId
f1ammabiJicy stonge isIua. Under the UIb 8aIndud. MSDSI must be
maintained and IlibeIs on incoming Iwardous mareriab must lICIt be
remcMd or defaced

14) any other issues, such • incIIvidual work praeticro, aaire, e1«ttical
hazardI, and houIeteepiug, that affect IlIfety in the _rtpIKe

Then:~ many lefaenc:a available to aaiIt chemil1l inE SO... for d1e
CHP. lnfonualion in MSDSs is panicuIarly useful for !den ~ and ..re
Ic:veIa ofexposure. Many bazanfClUl mareriaIs Iiated in 29 CPR I 10.1000. TaIJIe Z.
~ roulinely~ in pesridde analytical laboratories. The lew1IlIJId IIIUICIuda in
Subpart Z~ an eue1Ient reference for laboratory~el for preparing SO....
A comparison of the odor threshold to d1e nov or PEL va1ueI ill irMiIuabIe inforo.
marion in indic:aIing quickly what praaica and conlrOla must be in J*- when
_rting with eenain hazardous materialL Often infonnadoa praented m 8ft MSDS
bas Iepl authoricyllJld aa:orcIinalY is an acellent leference. Howcia. aa:onIing
to 29 CFIlI910.1450 (a)(2)(c). me UIb 8aIndard supersedes the Hazard eo-­
nic:adon Slandard for laboratoJY opetaticms; mon: IeItticthoe limiIB of eel_.tle
may be atab1is1u:d in the CHP than are estpbIisbed in the MSDS.

Monitoring ill condllned to estpbIisb the 1neI to wblch empL:Jrea are l-S
The UIb standard requires that engineering or adminiIaaIiW; conlrOla be in place
to protect chemil1l from exceosM! npe-ue to hazardous materiaIa. For eumple.
one of the _ etrecdw: engineering conlrOla is proper ve»""h,,ion and fUme
hooda. If nee ry. controls may ex1CDd to the temporary "' !gnmm~of pel'"
lOIIIIeI 0UIIide the hazard area. In the C*e of at.ence or inellidenc:y of thae
controll, PPE IDUIt be~ to protect the cIIemim; ......mpIee include rapiraton.
speeiaI gloves, gogIca, nonpenneable lab coaIB, lie.

The bibJiographv in Section 2IY1 G Jiaa government documcnIB md -ees,.
_n • other poJ.uc.atiom on 1lIfety.

t£C10i 2D7

2D7 E: IESPfJIII5IBII. a= TI£NDIVD.JAL a EMIST

E->" empJo,ee working in a laboratory mUll comply with the lIic:nq!nPlipany
CHP. Each empIoJee mUll be familiar with IlIfety requiremenll for -nlng in the
laboratory and JDUIt adhere to them; each must haPdJe or pa_ aD cbemjoraJs
safely; and each must__ any IlIfety gear and PPE needed to perform laboratory
opetationa safely. Laboratory CI'IIpIo,ea are Illrimatrly lapousible fur.

I) ldendfjoing un..re or unhealthy IiruadoDl that aiIIt iD the laboratory
and reponing such to a mpe..'ilor lIJId to the penon Idfl'OI""'Ne for
the safety prosnm

2) complying with any safety aandanIII appHcaNe to the empIoJee'. job
performance

5) developing an __ of aetividea that may affect the IlIfety of ad(
fellow workcra, and the pen! public

207-5
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4) reponiDg aD accidents, Injuries, UIIIafe incidents, or propeat, cia" II" tbat
occur in the workplace

In order to identify UIIIafe oondilioDs in the Iabcmatory. empIojees _ make
hazard dewmiDaliona for aD materiaII handled lherc, t.ed UJlOD aaiJabIe~
lific Information and information found In MSDSL The uIdmaIe itsl'0nsibility for
a safe working euvironment I'eIi8 with eech employee.

207-6
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2CJ7 G: BI3I. DGRAPHY

Cava wac or 0*1* J .L wi""".
"Pocket Guide to OIemical Hazards: DqalUiail ofHealth and Hua.n Setvic:&,
Nadonallnatitute ofOcx:upational Safetyand Health (NIOSH) PuNjearioD No.~
117. u.s. Government Printing Oftic:e. Waahington, DC

For other NlOSH documenll, write to NIOSH. 4676 Columbia Patba,. Qndn.
nad, OH 45226. or caD (515) 55!-8!8'1. For informadon OD other 0" ij,lMionaI
safety and health probIe-. caD (800) 5!HIllOSH.

For National Safety Council oa:upatioDaJ safety and health data Iheeta OD mmfIc
hazardous materiaJa, caD ('108) 285-1121; for a Iiat of theae data Iheeta, a.D(lIOO)
621-7619.

To~ safeI)' Ilamll..da for JahoratoIy operarioDa, c:oDIKl Natlo.... Fire Pro­
t«liOD .4"Odarion (NFPA). Quincy. )fA 02269. (800) 5tt 5555. or American
NadonaI SIandarda Inaritule (ANSI). New York, NY. (212) 642-4900.
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208: HAZARDOUS WASlE DISPOSAL

All _ generated in pesticide raidue anaJ,aa _ be dlspotecI ofproperly to
comply wilh loc:al. _. and Fecknl _res. Became cadl10calc II~ to
different _tel, each laboratory mUll deweIop an individual program. Speat
IOMnls and unused ~eralIycollltitWe_labonrory-. but other
materials that mUll be may also becon~hazardous; elIl!mpIa of
the latter include broken mercury thamometen, unused samples containing.
Usted or c:haracteriItic waste. and conmnjn8w gJ ware.

It is beyond the purYiew of the PAM to provide complete direaioIII for huardouI
_ prosrams; me bibliograpby in Section 208 G is provided to o«er I'ridance
be)Jond the bare outline presented here. Each laboratOry is enClOUJ1l8ellto .-iF
indiYidualJ • Hazardous w_ Manaaen~e lIfIPI'OPriaIe tIlIiniDg to
those aaiped. The comp1ezities and re des aMOdated with hazardous
_ IDlIJJlIlICJDCIt demand no IaI.

The foDowing Olldine recommends an appoach to~.propam IUjgbIe
for paaper handling and disposal of hazudOUl _. in alI~ it mUll be
supplemented by specific Ioca1 stabl'es, be configured to the needs of the indi­
"richiallaborarory. and be managw:d by trained perIODDCl.

2CB A: CElllTFCATIJII a= WASJ'E"

The lint Itep in dneIoping. hazardous _ dill''''' pausram is to cleteJmIue
what wastes the laboratOry clisc:anIa and which of these are d 'AM • hvardouII.
Under the Raource ConIIeJvation and Recovery A&:t (RCRA). the EmiroomenIll1
Protec:tIon Agency (EPA) ......Nisbes rquIadona for delmninadoD of bazudII and
publishes them in Code of Fedenl Regulations TItle 40. SeaioD 261 (40 CJlIt.
261). Those regulations estaNiIIb that • material is • hazudous _ if:

1) it ill not specifically excluded under 40 CPR 261.4.

ll) it is listed in 40 CPR 26UO SubpIIn D.

5) it exhibitll any of the c:hancteristic: of. huardous _.

4) it is part of • mtatwe· that iDduda bDanloaa _.

The following provideIlIOJDe additional information about these bazanIouII_
e:ategories; COIIIU1t 40 CFR 261 for fun detaiIII.

Certain e:atqories of _ are spedflcaIly excluded &om being COJIIIidered ....
anIous; ......mples include domestic &ew. andh~_.

0.""..... UBIed ia 40 CPR 161.JO 51.,-.. D

The foDowing iistII are ~blishedby EPA in 40 CPR 26UO Subpart D to define
those chemicala it daaifteII • bazanlous _:
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F Lilt: H8ZlIldoua _ from DOIlIpeCific-._u:. perically napwd
_. Many F Lilt IOhalta are uaed in IJeIfkide arw,tiaIllIbonlories, e.,..
"spent halogmared IOhalta" Iileme~ecbIoride and "spent J.V!Dbal1p
Dated 8Olw:n1ll" Iile lU:elQJle and eIbJl ether. '

K Lilt: HazardOlU _ from opedfic IIClUJ'Ca, &6-. "IliD boanms from die
diariJJat;oo of bemyl cb1oride." This list does not con.... any IabonIoJy
c:bemicaIL

U Lilt: CommerdaI chemical prod....... opeei'kaDy named dmnicah, .....
acetone and chJoroConn

P and U 1JItacon.... _ soJveuta and chemka1a and include-.., IlIheata UIed
in residue anaIJIeI. AIJy residue remain~ in a con""ner 01' in an inner lining
remow:d from a amllllner that pI'eVlouIly del the u-d _ II aIIo •• ·W •
a hazardous _. with c:enain escepcio... An repIated raidua, plus.., IOiI,
_. or other debris from IpiD cJeanupe, are abo treak:d • hazudoiII, • are any
formulations in which a chemic:al from U or P Lilla appears • the IOIe (II' aahe
ingredienL The latter category includes primary or woBing am1ydcal eoIutQw
Some f'"'kide" are on the P Lilt; ..... aIdicarb, 'aJdrIn, dieldrin, dinoeeb, ench in,
parathion. and tonpbene are included on the P Lilt and thus elM ·tied. 8CUtelyLazardo.._.

2CIB-2

The following charaaeriIIiaI are IlUflicient to ategorbe a chemical • haaardcAa_cr:. according to 40 CFR 261.20 Subput C:

",d. NIay. EPA defines any IOlId, liquid, 01' pa • ipitllNe _ If

I) it II a Jiquid, other than an aqueous MWlion containing <Z4~ IJmboI by
volume. and has a flash point <fJI1' C (140" F).

2) it is not a Jiquid and II c:apebIe, under ltU'danl'""I""aaue and 1* Lt;.
of amoing 6R through frlaion, ahIorptIon of-.e. or spoa_
chemic:al c:banges. 01'. when ignited, bums 10 ¥ifl'orouII1 and per*ently
that it creates a hazard.

5) it is an ipitaNe~ pi.

.) it is an mddi?rr • cIdined in 49 CFR 1'75.151.

Coaa_illy. A soDd _ esbibita CGnosmcylfit it an~ _ with a pH <2
or ~12.5. Nonaqueous _ are auI!ject to • Jtr:el COi1'OIiClD _ to delamine
coaroeiYity.

• 'I...,. SolId _ are CODIidered racthe '-d on emeue ~1ityand
the u:ndency to react violently or esplode; tbef are collliden:d to pme a prvbIem
at aD stages of the _ iiWIIIgeJiieDt pr-.

111. ' .......,(t/MFonw _
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Twddty. Hazardous waste Is danf6ed 81 having a "toDc:it¥ c:bancteriItic:- if aD)'
of 40 specific CODlarojnaD~ can be extracted at Jewell grater than or equal to
thoR specified in Table I, 40 CFR 26U4 (b). using an CllttaCIion&"Ilile
known as the Tosidty CharactcriIIic I .....bing Procedure (T(1P). I COD­
!aiDs ma.tly pesdcIdes. soM:n'" and heavy me!aII that EPA CODSiden poICBliaJIy
leachable into soils or groundwater as a result of impoper ron, weat. 1_
such as anaIyIicaI samples, column packing, and extraction IOhenta are clawi6ed
as TCLP waste if any material in Table I is e:macrabIe at die reguIared IeweII of
concentration. Eumpla ofpesticida in Table I include Z.~. Z,4$-T. cblon:Iane.
enchin. hep!aCblor. lindane. methOXJdllor. aihex, and toupbene.

20B 8: CAIBD1IZATDI a= WASIE GEltERATCR

Once WlIICa are e:ategorbed, a determiDadoD mUll be III8de of wbat geuetalOr
claaIfieation the flldIity meetII. 'Ibe foDOWing generator eJr-!fica"ons, • ddined
by EPA. are bued on quantity and e:atqooria of waste generated:

I) Urge quantity generaton, i.... fadlltia that Aeuetate >1000 kg barard­
OUI waste or >J kg acutely hazardoUIwaste per month. or that IICCUIIIU­
late ~IOOO kg hazardous waste OIHite

Z) SmaD ~tity generaton, i.... thoR facilities that p-oduce >100 q but
<1000 q huarilOUIwaste or <1 kg lICUteIy hazardoUI waste per .-m.
or that aa:umuIate <6000 kg hazardoUI waste or <1 kg acutdy barard­
OUI waste at any one time. MGet peo«iride aD8IJdaII I8boratoria are
danf6ed by EPA • 11III&1I quantity generators bean_ they meet 1he
fint crirerioa. If the quanlity of waste from the P Lilt (acutely barard­
OUI waste) II >1 kg per month, then die Iabontory becomes a Ilqe
quantity generator.

3) CoactirionaDy aempt 11III&1I quantity generaton, i.&. mOle that~
ate <100 kg hazardoUI waste or <1 kg lIClJtdy baDnIooawaste permonlb,
or that accumulate <1000 kg bazanIoua waste or <1 q acutdy buard­
OUI waste at anyone lime. Generator I!abI8 Yaria from _ ID _;
i..... C'lICb Slate may let ita own tbreabold for generator __ It 1l1bere­
fore neasary ID conlllCt the _ euti.....menlal agency ID obWn copies
of pertinent reguIadons.

20B C: CBTAIt/I<BAPPR:F¥I4TEIJ /llLA&JiS

Once the waste generator carcgory is estabIiIbed, me Iabontory should CODtIICt
the environmental agency of the state in wblcb it Is located ID obtain both Slate
andEPAlDnumben.
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2CJ8 D: WASlFax I H:jOlJ AND sra:wxPRO a UB

LaboraIory policy sbouId be "lab1iahed to minimDe the IIIDOUIIt at _ ~
ated. Where practic:aI and me. IOhenlB mould be= by d!lljJlatjop aDd
chemicals mould be IIhared with other Iaborar.oria. . JIR'" cdwa mould
be IIIiniaturixd when ~1J1e to reduce lIJIIOUDlB at IOheal aDd cbemicala re­
quired. To handle the _ that is generated, IaboJatoly proc:edwes for c:oIIecl­
lion. segregation, and IlOnF of dilFerent e:ategorieI at__be "laNisb!:d
and rigorously enfon:ed. Typic:al operations include:

I) AmmgmIenl for Ioc:aIioDI and conlllinen in the Iaboratnly.~...
and nonhazanloua waIleS mould be kept~~ IlOnIF to
awld increasing the~of_ conliileml W- c:hewi­
call &om the P Lilt mould be scpuated &om other~ _ to
minimDe the_te:atqorized.lICUtidy tollic. Other lCtpy:!' .........
be eaabJished for reqdabIe materials and for waIleS with differ t modes
of dlspoIaI

2) DiIpoIlII of _ in drains. If loc:a1 ......... penail. _ --.c:WNe
_. 1.1•• elbanol and methanol, may be poured down a drain. Qly
poDudon conuol and/or loc:al sanitary__ diIttict _ be conlllClal to
c1etenDine loc:a1 reguladona.

5) Wale ItoIlIge prior to disIloIaI:~ItonIF lima for _ are
dependent on generator clu.i6c:ation and diIlance betw! en IabonItory
and _ dlspoIaI compmy. SmaD quantity generators are an. ncd to
store hazudoua _ for 180 dayI 0IHite without a pamiL Generaton
accumulating _ incoutainers mUit comply with Subprt I of 40 CPIl
265.170. AIlItonIF i . ell _ be in good condition and IlIbeIed .....
udous ware,' and the aa:umu'arion ItU't date _ be IUIUd on eacb
container.

2CJB E: ARRAMBtIENTFCR WAS7C DISPCSAL

Numerous fumllpCri.u.. in _ d..... The regional EPA office Etd/« abe
IlaIe enYironrnenw office may provide UIdUI information about loc:a1 _ ..
posaI finDL Some dilpcM8l finnI pnwIde CIODIlI1ting IeniceI that include peper.
lion ofmanif_ and )Hoper JabeDng of mipping containers, but the _ ....
erator is ulrim.'eJy responsible for telifYing aa:uncy at aD labeling and "'W"I
informarion. Departmenl of 'I'nJuportation IIhipping data and reguIatIom lire
p"b1jsbed in 49 CFR.

2CJB F: ADCJfTDVAL MANAIBIENT FEQI.JFSIEN7S

Aa:uraIe recorda _ be kept ofaD _ collecdon and .Ii" ..... KIhiIies, inc1ud­
ing manifesJs and biennial _ ....,. and aceptioIllepw1l. when aequhed.

All ne... .., safety procedures (Section 20'7) mUIt be fo&wed in handling any
hazardous _.
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