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Certificate of Analysis

Standard Reference Material® 1588a

COrganices in Cod Liver O1l

The comcenmarion valuas (mass fracvon) of SREM 1588a for PCB congeners, chiorinamwd psstcides, and addirional
anaiyte s in cod liver oil sup ercede the comesponding values cited in SRM 1588

This Standamd Eeference Material (SEM), 2 cod liver od, is imtended for use in developmye and validating anabrtical methods for
the deterrrination of chlommated bipheryls and chlomated pesticides in cod liver ol or m other sindar complex hpopliic matrices.
SRM 15884 15 the same matenal as SRM 1588 which was orgmally certified in 1283 for the concartrations of ten chlormated
pesticides, five PCE congeners, and alpha-tocophercl [1]. SRM 1588a updates the ongmal cerified vahies and provides
certfied and reference vahes for additional anabites. SEM 15884 consists of five sealed ampoules per wmt, each ampoule
contammg approcemnately 1.2 ml of the cod liver nil.

Certified Concenviration Valueg: Certfied wabies, expressed as mass fractons [2], for 24 PCE congeners and 14 chlormated
pesticides found m the cod liver ol are prowided in Tables 1 and 2. The certified wahies are hased on the agreement of results
obtained fioen two or more mdependent anabytical techugques.

Reference Conceniration Values: FEeaference wahies, also expressed as mass fractions, for dphatocophercl, 34 PCE
congeners and 3 chlommated pestimdes found in cod lorer cal are provided in Tables 3 and 4. The reference vwabies are noncertified
vahies that do not meet NIST ecrtena for cestfication and are provided wath associated uncertarties that may meflect only
measnremsit precision, may not mehids all sowrrss of uncertanty, or may reflect a lank of suffiment statisheal soyeement anong
nuliple methods. Explanations m sapport of each reference vahie are given as a note in each table.

Information Conceniration Values: Iifonmation concentration vahies, expressed as mass fractions, for soc polychlorodibenso-
p-dimarns and octachlorodibenzofizran added to the cod lver ol are provided in Table 5. These are noncertfied vabuss with no
uncertanbes reported as there is msufficient irformation to make an assessment of the uncertanties. The information vabes are
gven to provide additional characterzzation of the matenal.

Expiration of Certification: The cerficahon of this SEM lot 15 valid untl 31 October 2007, witlm the msasurerment
uncertanties specified, provided the SEM 15 handled and stored in accordance with the mstractions given m this certificate (see
Instrctions for Use'l. The mertfication is millified if the SEM is damaged, contammated, or modified. Feturn of the attached
rgistrabon card will facilitate notfication.

Preparabon for the ongnal certficate was performed by EM. Pamns of'the NIST Anabrhical Chenustyy Drasion. The analyses for
the update of the certficate were performmed by M .M. Schantz and K E. Sharpless of the NIST &inabical Cherustyy Dizasion
and by K. Koezanski B, Guft, and D.C.G. Mwmr of the Deparbment of Fishenes and Oeeans (DFCY Canada, Freshwater
Instihtte, Winupeg, Mardoba.

The support aspects avroleed in the issuance of this SEM were coordinated through the Standard Beference Materials Program
by B.5. MacDonald.

Gathersbure, MD 20829 Thomas E. Gills, Cluef’
Certficate Issue Date: 289 May 1998 Standard Reference Matenals Program



The coordination of the teclmical measurements leading to the recertification was under the dizection of M .M.
Schantz and 5. 4. Wise

Consultation on the statistical design of the expermertal work and evahation of the data wers provided by 53.B. Schiller and L. M.
Gill of the HIST Statistical Engmeering Division.

NOTICEAND WARNING TO USERS

CAUTION: Tluis material ccetams added polychlorodbenzo-p-dioxms and octachlorodibenzofuran. Each is presert in thus
matenal at a concertrabon of 1 ngfg or less. Although some of these mompounds are rweported to be toxic andior caremogerie,
thewr comeertrahons are too lowr to be considered hazardous under OSHA regulations. However, the matenal should be handled
with care. Use proper disposal methads.

Instructions for Use: Samples of thus SRM for analysis should be drawn fiom ampoulss munediately after opermg and usad
withot delaw for the certified vahies to be vald wittin the stated uncertairties. Certfied values are not applicable to matenal m
ampoules stored after opering, even if they are resealed. Sealed ampoules, as received, should be stored in the dark at
temperabures less than 30 *C.

FREPARATION AND ANALYSIS

Preparation: This SEM is 3 eod liver ol that has been fortified -anth selamted chlorinaed dibenmodicxms and dibenmofiarans. It
was domated to NIST by the Universiy of Uln, Uk, Germany.

Weighed aliquots of gravimetrically prepared 2.2 4-trimethylpentane sobtioms of six polychlormated dibenmo-p-dioxms and
octachlorodibe neofaran were added to a known mass of the cod Ierer od. The concentrabions of these componerts, which are
itchade d here for mfonnation only and are not cerbfied wahes, were calmulated fiom these gravamnetric measpements and are histed
in Table 5. The oa was homogerized by stitmeg for 10 h m a 9-L glass bottle. Each 2-ml amber amponle was purged wath argon
st prior to the addition of approcmmatelr 1.2 mL of cil to the ampoule which was then flames sealed.

PCBz and Chlorinated Pesticides: SEM 1588a was analyzed for selected PCB congeners and chlomnated pesticides using
gas chromatography with electron caphare detection (GC-ECD) on twno cobrans with differert selsctivity and using GC with mass
spectrometic detection (FCSMS)1. Tlos same approach has been used previously for the certfication of PCEs and chlormated
pesticides in enviroenmental matrices [3-3]. The majonty of the hpd and biogenic matenal m weighed portions (0.8-1.2 g) of
SRM 1588a was remmoved nsing size exclusion clromatography (SEC) on a preparative divinylbenzene-polystyrene cobamm. The
concertrated ehiant was then fachonated on a semi-preparative anmopropylsilane cobmm to isclate two fractions contaivmeg: 1)
the PCBs and lower polarity pesticides and 2) the more polar peshades GC-ECD analyses of'the bwo frachons were performed
ontwo cohirmms of differet selectivitios for PCB sep arations: 0.25 nan x A0 m firsed sibica capillany cohmm with a 5 9% pherd-
substihded methdpolrsilonane phase (025 pm flm thicknsss) (DB-5, J&EW Scientfic, Folsom, C4) and a 0.32 nun x 100 m
fised silica capillary cobmnn with a dimethylpolysiloszane phase cortamrung 50 %% (mole fraction) methyl C-18 (0.1 wn fim
thickness) (CP 5l 5 C18 CB, Clrompack Intemational, Middelbure, The Nethedands). GC/MS analysis of the two fractions
were performed on a 0.25 x 60 m fused silica capillary cohmm with a 5 % pheryl-substiuted methylpolyslocane phase (0.25 wm
fikm thickness) (DB-5M S, J&W 5 clentific, Folsony, C4).

Two PCE congeners (PCE 103 and PCE 198 [6,7]), not siguficardly present in the natvre cod liver oil, and perdeunterated (ds)
4 A DDT were added as irternal standards for quantfication. Respornse factors for the anabdes mlaie to the ntemal standards
ware deternaned by analyeme alimiots of SEM 2261, Chlormated Pesticides im Hexane (Mommal Concentration 2 peiml]; SEM
2262, Chlornated Bipheryl Congeners m 2,2 4-Tmmethylpentane [Hommal Coneertrabion 2 pefml), gravinetneally pepared
solotions of additiomal malytes not eortamed in SEMs 2261 and 2262, and the ttemal standards.



Additiomal PCE congeners and pesticides were measiured at Department of Fishenss and Oeeans (DFO) Canada wsing the
followmg procedure. Cod liver cill (1.0 g) was dissolved mn hexane and spiked wnth sarogate recovery standands of aldsin and
octachloronaphthalens (OCH). 4 100 mg lipid equvalent was chromatographed on Flonsil (B g 1.2 % deactrrated +anth H40) to
sepatate PCBs, chlombenmenes, 4.4 -DDE and miresr (hexane ahticm) fiomm most toxaphens componets, chlomane-related
compounds and 4,4'-DDT (second ehition with dichloroevethane hetane 1:1). 4 tlod ebition cortamwd heptachlor epocade and
disldrin, The extracts were analyzed by GC-ECD wing a D.25 munx 60 my, 0.25 pm it thickness, 5 %% phenyl-sabstiuted
methylpolyrsiloxane capilary cohmmn with hydrmogen carrier gas. & wolime correction standard (PCB 30) was added to the
sarnples priorto GC analyas [B-10].

alpha-Tocopherol: The concertration of ci-tocopherol was determuned using twro methods based on nomnmal-phase (HF) and
reversed-phase (EP) hqud chromatography (LC). Fhiorescence detection (A, = 295 mm; Aew = 335 mm) was wsed for both
methods. The NPLC anabyses amplowed a semmi-preparatnee anmopropylsiane cobmm with quantfication by the eatemnal
standard mwthod, aliquots of cod liver o1l were diluted in hexana, The EPLC analyses employed a Cz coburnn; the cod liver ol
was dibated in ethy] acetate and ethanol and was spiked withtocol as an rtemal standard.

Table 1. Certified Concentraticms (Mass Fractions) for Selected PCE Congeners in SEM 15882

te'ke

PCE 28 (2.4.4'-TrcHorobipheryd) 2832 + 055
PCE 31 (2,4',5-Trichorobiphemd) 833 + 028
PCB 44 (2.2',3,5- Tetrachlorobiphenyl) 351 + 14
PCE 49 (2.2 4,5 -Tetrachlomobiphenyl) 2990 + 0384
PGB 52 (2,2,5,5- Tetrachlorobiphenyl) 833 + 23
PCE 66 (2.3',8,4"- Tetrachlorobipheyd) 54.7 £ 1.5
PCE 87 (2,2'.3,4,5'-Pentarhlorohiphermd) 56.3 + 1.1
PCBE 95 (2,2',3,5' 5-Pentachlorohiphemd) 36.5 + 1.1
PCE 101 (2.2 4,55 Pentachlormhiphernd) 1265 + 43
PCE 105 (2,3,3',4,4'- Pentachlovohiphemd) 60.2 £ 23
PCBE 110 (2.3.3',4' 5-Pentacklorohiphend) 76.0 + 20
PCBE 118 (2.3,4,4' 5-Fentachlorohipherd) 1763 + 38
PCE 128 (2,2',3,3,4,4'-Hexachlorobipherl) 470 + 24
PCE 138 (2.2',3,4.4", 5-Henachlorobiphermd) 2635 t 91

163 (2.3,3,4',5,6-Hexachlorobiphenyl)

164 (2,3,3',4',5' £-Hexachlorobipherwd)
PCE 149 (2.2',3,4' 5 6-Hexachlombiphermd) 1057 + 34
PCE 151 (2,2',3,5,5' 6-Hexachlorobiphenyl) 54.8 + 21
PCEB 133 (2.2',4,4',5,5-Hexashlorobipherd) 2738 + 1.7
PCB 156 (2,3,3.4,4", 5-Hexachlombiphenyl) 273 + 18
PCB170 (2,2',3,3,4,4 5-Heptarhlovobiphenyl)  46.3 + 1.1
PCE 180 (2.2',3,4.4' 5,5 -Heptachlwohiphenyl) 1050 t 52
PCB 183 (2,2',3,4,4,5 f-Heptachlorchiphenyl) 3121 2 0.62
PCE 187 (2,2',3,4',5,5 f-Heptachlorobiphenyl) 3523 = 0.83

159 (2.3,3'4,5.5" Hexachlombipheyd)

182 (2,2',3'.4,4' 5 6" Heptachlorohiphemd)
PCB 194 (2.2.,3,3,4.4' 5,5 -Octachlowbiphanyd) 1537 2 0.61
PCE 201 (2.2'3,3.4,5 6 6-Octachloechiphanyd)  12.18 + D48

" Ewh certified vnbae is the equally-zeighted e of the mes fom temo anmore fdsperd st e abytical methods,  Ewch uncet oty , copputed
wc cording to the CIPA approach as des aibed i the IS0 Guide [11], is m expanded mncertairty ot the 95 % level of confidenice, which tchades
mrdon soarce s of Wt ety withing ewch eubetical method. The epoded o srteirdy defimes « moeyee 0f wadies for the certified vabae within
which the tmae vwhae iz beliend to e, ot & level of cordidence of proinaely 95 %.

" PCB coryentums = ronbernd ac cording to the schune propos ed by Ballschomiter ad 221l B] md leter movised by Scdoalte od Mialicch [7]to
corfomm with TUFAC rules. When two or mom cotgeriers are know to coehate wnder the conditions used, the PCB congerwer listed first is the
wwjor corpporeet sl the wdditicrw] corgmrers gy e pIscent 4 WIMOT Canpotuts. The quetitetive reoiltc o besed or the mepone e of the
comgemner listed first.



Table 2. Certiied Concentrations (Mass Fractions) for Selected Chlormated Pesticides m SEM 15883

Hetkg

2,4-DDE 220 = 10
4.4'.DDE 651 + 11

24-DDD 33 + 14
4.4-D0D 254 + 11

24-DDT 1260 + 44
4,4.DDT 524 + 12

Hexachlorobenmens 1578 + 5D
7-hexachlorchexane (HCH) 249 + 17
o-HCH 853 + 34
Heptachlor epoxade 316 £ 15
cis-Chlordans 1670 + 50
sis- Honachlor 483 & 28
trans-Nonachlor 214 = 79
Dieldrm 15529 + 45

" Each certified wahae is the equalbr-wreightedimea of the meams from tao oo indeped et eadyticel methods. Each wcert windy, corgpaated
& conding to the CIPR approwch ws des aibed it the IS0 Gaide [11], is m expouded et airty o the 95 % levnl of cordiderice, whidh e bades
mndn somce s of wmcert ety within each erudytical method. The eqpoded e srtadity defines « noyer of wnhies for the certified vwbae within
which the trae vabae i belimmed to e, o ¢ leyel of confiden e of qpproxinetely 95 %.

Table 3. Reference Concentrations (Mass Fractions inmgike) for slpha-Tocopherolm SRM 15582°

NOTE: This concertration 15 provided as a reference wahie becanse the mesults have not been corfinmned by an mdependent
anabytical teclouque s requred for certfication. The assoiclated uncertanty, which meorporates wanabilhy froen anthin and
between the measurement techriques wsed, may reflect orly measurement preasion and may not mehade all sources of uneertanty.
This reference vahie should be nsefil for comparisom with results obtamed using similar procedures (see Preparation and
Analysis, alpha-Tocopherm]).

alpha-Tocopheral 1342 £ 25

® The mcertaitdy i based am 05 % corfidence ftervnd for the wean. icorporetes wridbility within aud bebmean the mesnmernt tedaviqe s
used.



Table 4 BReference Concentrations (Mass Fractions) for Additional PCE Congeners and Chlommated Pesticides m SREM
1588a%"

NOTE: These concentrations are provided as mference vahies becase the msults have not been confinmed by an mdependent
anabytical teclwique a5 required for certhfoation. The assomiated uncertanties may milsct onby mesnmemernt precision and may
niot mechade all sources of uncertanty

He'ke
PCE 18 (2,2',3-Truchlorobiphed) 26 = 08
32 (2,4',6-Tuchlorobiphe )
PCE17 (2,2'.4-Trchorwbiphe ) 65 + 1.1
PCE 18 (2,2',5-Trchlorobiphe md) g1 + 2.2
PCE 22 (2,3,4'-Trchlorobiphe i) 30 = 0.6
PCE 33 (2',3,4-TricHorobiphe ) 35 + 14
PCE 41 (2,2',3,4-Tetrachlombiphery]) 53 = 22
71 (2,3,4',6-Tetrachlorobiphenyl)
PCE42 (2,2',3,4'- T etrachlorobiphenyl) 14 =z 3
PCE 45 (2,2',3,6'-Tetrachlorobiphenyl) 11 = 2
PCB 55 (2,3,3",4-TetrachlombipheryT) 12 + 11
&0 (2,3,4,4'- Tetrachlormbiphery])
PCE &4 (2,3,4',6-Tetrachlorobiphery]) 14 = 1
PFCETD (2,3',4' 5-Tetrachlorobiphenyd) 27 + 4
76 (2',3,4,5-Tetrachlotbiphenyl)
PCE 74 (2,4,4',5-Tetrachlorobiphary]) 40 z 4
PCER3 (2,2',3,3',5-Pentachlorobipheryd) 21 = 5
PCBB5 (2,2',3,4,4'-Pentachlorobiphe ) 27 z 8
PCE A1 (2,2'.3,4' 6-Pentachlorbiphe ) 21 + 8
PCER7 (2,2',3'.4,5-Pent achlorchiphsmd) 42 x 4
FCE 136 (2,2',3,3.6,6'-Hexachlormbipherl) 14 =z 2
PCE 137 (2,2'.3,4.4' 5-Hexarhlormbiphenyd) 15 = 2
PCE 141 (2,2',3,4,5,5"-Hexachlormbiphenyl) 24 x 4
PCE 146 (2,2',3,4'.5,5-Hexachlombipheryl) 32 0z &
PCE 158 (2,3,3',4,4',8-Hexachlorobiphenyd) 21 2 2
PCE 172 (2,2,3,3'.4,5,5'-H eptachlorchiphenyl) 17 = 4
197 (2,2'.3,3'.4.4' A,6'- D ctachlombiphenyd)
PCE 174 (2,2',3,3.4,5,6"-Heptachlorohiphenyd) 41 =z 10
FCE 177 (2,2',3,3.4',5,6-Heptachlarchiphenyl) 48 + 08
PCE 178 (2,2'.3,3'.5,5 A-Heptarhlorohipherd) 28+ 1
129 (2,2',3,3.4, 5-Hexachlombiphenyd)
PCB 179 (2,2',3,3.5,6,6"-Heptachlarohiphenyl) 44 = 1.2
PCE 189 (2,3,3',4,4',5,5'-Heptachlorohiphenyd) 289 = 08
PCE 191 (2,3,3',4,4', 5 &-H eptachlorohiphenyl) 45 = 07
PCE 193 (2,3,3".4'.5,5 A-Heptachloeohiphend) 14 + 3
PCE 195 (2,2,3,3.4,4' 5 6- Octachlombiphany]) 46 = 08
FCE 196 (2,2',3,3.4,4',5" 8- O ctachlorobiphenyl) 24 x 3
203 (2,2'.3,4.4 5 5 6-OctachlormbiphernyT)
PCE 199 (2,2',3,3.4,5,6,6'-Octachlombipheany]) 17 = 2
PCE 206 (2,2',3,3.4,4',5,5" 8- Nonachlorobiphenyl) 34 = 18
PCE 209 (2,2',3,3',4,4'.5,5' 8,6 -Dec achlorcbiphenyl) 3.5 10
Oxyehlordane 38 + 4
tran - Chlomane 52 + 7
Mirvex 186 = 3

" Concmtrtions based on seven uldyses dome ot the Depabnet of Fisheries ed Ocems, Womipeg, Meitobe Caiade over 4 pericod of bao
yerrs, Urcertaiities e express ad s 95 % corfidenc e ternds of the e,

* PCE corygeers «aw ronnbersd ac conding to the schane proposed by Ballecuomiter ad Zell ] md leter pevised by Scloalte and halisch [7]to
confommn with IUPAC nales. Whenn taro of ThoT covEmers T e ko to coehts wmder the conditione 1used, the PUB congmer listed first is the
major corpotvat aud the wdditicrwl corygeners gy e preset 45 Mmainor camponeads, The quetiteive remilts ax based on the mesponse of the
congmer Listed first.



Table 5. Infrmation Concentratioms (Mass Fractions) for Dibeneo-p-diozxms and
Detachlorodibenzofiran

NOTE: Thase concentyations are provided as infommation vahies becanse the resalts, which are hased only on gravnnetyy, hawe
not been confinned by an mdependent analytical teclruque as required for certification. These vahwes are provided for mfornation

only.

11
(2]
(3]

(4]

(5]

(1
(7]
(=]

(]

(1]

(1]

He'keg
Ducoxms and Furans
1,2,7-Tachlorodibenzo-p-dioxm 0.32
1,2.3.4-Teteachlorodbenzs-p-dinem n.3g
2,3,7.8-Tetrachlorodibenzo-p-dioxm 0.21
1,2,3,6,7,8-Hexachlorodibenzo-p-dioxm 0.3%
1,2.3.7,8.9-Hexachlormodbenzo-p-dioxm 0.22
Cictachlorodibenzo-p-dioxm 1.01
Oetachlomdibenmofiran 1.00
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