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Validation of a Heating Method Using a Meisture Analyzer for Moisture Content
in Sludge Fertilizer

Takeshi UCHIYAMA' and Chiyo SAKASEGAWA"®

' Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

* (Now) Food and Agricultural Materials Inspection Center, Fukuoka Regional Center Moji Office

We validated a rapid method for determination of moisture content in sludge fertilizer using a moisture
analyzer. Samples were placed in a pan of a moisture analyzer, and heated at 100°C on a built-in electric
balance. The samples before and after the heating were weighed to determine the moisture loss. The moisture
of 26 samples of sludge feriilizer was determined by the rapid method and the oven-drying method described
in the Official Methods of Analysis of Fertilizers published in December 1992. The values of moisture
obtained by the rapid method agreed with those obtained by the official method. Seven shudge fertilizer
samples were used to determine the repeatability by applying the rapid method three times. The mean values,
the standard deviation (SD) and relative standard deviation (RSD) were in the range of 5.50~90.61%,
0.03~0.29% and 0.15~1.19%, respectively. The results indicated that this method (a heating method using

moisture analyzer) is applicable to measure moisture in sludge fertilizer,
Key words  shudge fertilizer, moisture, moisture analyzer

{Research Report of Fertilizer, 1, 1~5, 2008)
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F1 K OBEERERRHEROER

— THEREY  EEEET  EEeEEY  PEY PERAS
(%) (%) (%)
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VG e 3k B AEE 26.90 0.18 0.7 0.41 3.02
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d) —FAETIC IV E S-S
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BRI E S RIEN .
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3 1Z/RL72. HorRat {EIIOH HEORE OFNMEE T 5720ICAVBRTEY, Ho, ik RSD/RSD, (P) B T8
Hog i3 RSDp/RSDR (P) IZE0RDEND. 7233, RSDr (PHIEHE REA D Horwitz EIER TSR,
RSD,(P) X Horwitz IR (12) 2RUETRDFI 12 BRI U RBREREE O EHE L 1336~
38.75%THY, £ SD, KT SDriX 0.14~0.59% K T} 0.37~0.60%CHY, RSD, K U* RSDr % 0.6~1.5%
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4, F&&
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Brmd, ARRBITIEESEHERE (2008) I s LY
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2 GRS R OKSOLFRBEE (%)

MEr FAKIEIRNEEL L RIEVEN T3EVB Ve
A 21.09 21.84 13.53 13.15 34.44 34.77
B 22.37 21.99 13.65 13.57 34.31 34,69
C 21.58 21.60 13.18 12.88 33,85 34,29
D 21.70 21.01 11.49 Y 11.12 ¥ 33.57 33.04
E 22.22 22.40 13.33 13.44 34.66 34.80
F 21.74 22.24 13.61 13.41 34.34 34.34
G 22.58 22.19 13.93 13.98 34,84 34.91
H 21.61 21,75 12.80 12.74 33.96 33.96
1 22.59 22.19 13.33 13.15 34,30 34.03
RERE BERYE YRR 75 e PR L
A 37.57 39.06 2745 27.56
B 38.19 38.30 27.69 27.48
C 39,29 38.66 27.02 26.53
D 38.57 38.58 2593 25.87
E 39.09 39.17 2735 27.18
F 39,59 3822 2718 26.90
G 38.81 38.31 27.85 27.10
H 39.76 38.51 26.94 26.69
I 38.87 38.91 26.95 26.89

2) KRR ML AR E DD & VR E)
b) GrubbsFZAMIIBAIE

3 _SRPRBEEOITRE R

R HEBR EE® SbY  RSDY  Ho”  SDR” RSDR¥  Hog”
et (%) (%) (%) (%) (%)
FARIETERREH 9 21.93 0.32 1.4 1.15 0.47 2.1 1.00
LERIGIR B 8 13.36 0.14 1.1 0.80 0.37 2.8 1.04
TEERIEE 9 34.28 0.21 0.6 0.53 0.50 1.5 0.86
RIS S 9 38.75 0.59 1.5 1.33 0.59 1.5 0.95

EREEBEE 9 2710 026 09 078 060 22 115
a) BEATICHWESRERER

by TEHME (=3B R (2))

c) BEWIERERZE

d) EBNHEHMERERZE

e) EN#RDIELHorRat{i

f) EEIEERE

g) EREIHERRE

h) ZERHHHorRatfl

w

i B

ERBRBRITH AR EREH T T U T AR R REARE BRI — T RO ERIIRTE
{RHEED, RSy MR R TR B RER T 7=t d—, FA Ny R, Bk
AREH U — WA — MR S OB LICHEEZRLET.
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Determination of Moisture Content in Sludge Fertilizer by a Heating Method
Using a Moisture Analyzer: A Collaborative Study

Takeshi UCHIYAMA' and Yuji SHIRAF

! Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

* Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

A collaborative study was performed to evaluate a heating method using a moisture analyzer for
determining moisture content in fertilizer. Samples were placed in a pan of a moisture analyzer, and heated
at 100°C on a built-in electric balance. The samples before and after the heating were weighed to determine
the moisture loss. Ten samples of 5 kinds of siudge fertilizer were analyzed as blind duplicates by 9
laboratories. After removing the outlying data with Cochran and Grubbs outlier test, the mean values
reported ranged from 13.36 to 38.75% for each kind of sludge fertilizer. The standard deviations of
repeatability (SD,) and reproducibility (SD;;) ranged from 0.14 to 0.59% and from 0.37 to 0.60%,
respectively. The relative standard deviations of repeatability (RSD;) and reproducibility (RSDy) ranged
from 0.6 to 1.5% and from 1.5 to 2.8%, respectively. The HorRat values (RSDy/predicted RSDg) ranged
from 0.86 to 1.15. These results indicated that this method has acceptable precision.

Key words  shudge fertilizer, moisture, moisture analyzer, collaborative study

(Research Report of Fertilizer, 1, 6~11, 2008)
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2-1 PREZRICKAFERMGIOERZREERTE
— R S TR R oM —
MEBERET ', Al VO, B, Jok O,

Bk !, AHBEE ", 8] g Y
F—T—F  ERSE BREIE, BEE, FAF—

1. [FL®IC

BRBE-BHEREOSERZRBLLT, R 1 ECBEOBABRREROME HELRAZL
EERELLIEREOBVEBREEFXCEAOREICHETHIER), IREE > WEHEHOBELR
R AOREICETHER R UCE RO BERETIER|OVDOOLIBERE 3 EXHIES
iz, BEBHRAEO—#BmEILY, FWIESSHESICRERTHERARSNY, BERICHUTHE
CIREIEOHEOTOERELE, VARESE, ME2BRRVERELZRTREAEE LD HLERTERL
Enie? ¥, BEYELERTIBTNOHZERELESE —HOoKHEE S L BRSBTS, B
BEELRTLIELEN, FERRSOEHR (BELE, VABRSE MELE) SORABEE ST
b7 BEOEREREEVRLSOEFESOERICE SO THERRE T80, BRI ERES
BROLND. ST, FEREH CRRFTAIEERRSOEFREIOWT, RFMEOHFABEOWMHE
BIED LI TNEY,

INODE RN OWTEE RS OEF RO ERBIIEMKEE OERICLVHESHL TR, B
FLBOREBERINE —VERLEBDLNTHEY Y, LnURRE, 7 AF W iE RS 00 # & U4
RIEOREREICE DB E T A IIEER R VALEDD, ERBHRBSLELSN, RE, VAR UBEK
DEBEHPROONS, HERESN TODREEIRR, MR R AP T A B IR TRBEXA, ik
CTAERVAEBRGREERHS (TCD) CRETEHETHIY . BREEXI AT —VEL KL, BV
BOTARIEEELELET, AERBBENLIZSELIHA.

AE, BERL2BOSNGEH OB CEUCERLEEOLL, BEELI L - VECEVRIESNITE
RIRHGDOERESBOFRMEF LKL, RUMOLABEEOBRFEToHOTEOMELRE TS,

2. MHRUAE

1) SRR HORR
TRBLTCOWAIERISEEANE 45 5, LIRIBIRAEE: 24 &, VB RICE 2 8, TEFEREN 8 AR TT

VIRSTATE R ABAOK B R 2B A — BB SR A
P MSTATEOR AR ERRE LB s — B s

PISLATEOEA B EER L ST 4 — MR 2 E R

YR BRWKEAHE - E2RREZLTER
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ATETRIREL 2 M (B 81 A& 2~3 kg ZRBRGELTHREL, Ya— Bt AN TESL, BT TREL
o, B RPEHRECERETICREL, RBIISUTEREBEIZLY 40°CT 60~70 BB EiX 65°CT
5~24 BB EE ML, MR OBTECHRL, BEE500 pm D550 EEBTAIC S AR EANLE
BELE.

2) ZERUBE

(1) EEEEE: v<M% DF62

(2) HEE L e - Retsch ZM 100, Retsch ZM1

(3) BEELSERAEER EHHT 75 SUMIGRAPH NC-220F

REERRE (BEMERTANOBRMEBZERM T CNARCERL, BELCRETAEFY]
THA(EME A~V L) CRILE (B Tk THEORERUVESRILDEZERIERTL, B
AW IE CARGEREL, BEESNEERLIBIRRBET R M I7ICEANTD. FAZa=w 57
DREEDTL (VAT N) CERETBCREL B L%, BV ERIE (TCD) TR EhRET
5.

3) MBHEICLIERZEONE
(1) B EHRROMERL

DL-7 A/ 358 L BRIENES: (FIE 99.0% L E) &RV, LT O&RGCEZRLEFREL TEHEBREERL
7.

® 1 MEESERNEREOCRESRN

WREBEAT A B R, M 99.99995%L) F, & 200 mL/min

U7 H A BRI~ A, A 99.9999%LL |, & 80 mL/min

Sy BT 2 BT NFHRRT L ATD A

B HLER ENR B AR U ER (TCD)

BIFES A7 0 N—RER 60 ¥, TRERIAUERR 300 £, SHAIRFR 180 ®

BESH RISFERE 870°C, BuuFIRE 600°C, Z7AMIEE 70°C, REFIEE 100T

(2) #HEoBE
ASATEREL 0.2~05 g % 0.1 mg OWTETEY, £ 1 OFHFCRELEZERYAV ORI TOEES
BABEELR.

4) R EITEBEESEORE
OB AN TE I (XA E— LR L TR P oER 2 BAHEELEY.

3. BERUESR
1) BRBEELFILE —ILRO B

BRI IADITREI R OEREEOEBEOHHEIX 031~835%ThHY, ¥ F -V EICLDEEE
T ARIE R OVEBEEOEN 80~111% (CEHE 101%) K UN0.19~0.24% (SEHHE 0.06%) Th-oT.
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MAFEMOZRLSBEOEREICEVFER (r=0.999, v = 1.018 x - 0.006) BB M b (1),

2) MERICLIERLEATOBRELEER

2.1) DB REEOSEIHIRBEEIR S, URIGIRIEE, SERL5RIER, TEERIER R OTF ARG RIPE
FIRIZOWT, BREEE 3 BREUVMEL TELNERBREREZE 2 IR BEH2ED 061~
8.09% (FHE) T, FEREIL 0.00~0.05%, HAEEFEIT 0.11~3.08%, BHRBEUREENBEL
i,

10

y=1.018 x - 0.006
r=0999

e (%)

0 2 4 6 8 10
2B L (%)
1 BRI A PRI L D
ZHRLEEREOLE#=81)

22 RS I DERIER P OEREBOBRL R

S g EEE AR REE
PR (%) o) %)
1HIEFE AR A} 1.67 0.05 3.1
UIRIBIEIEAEL 6.07 0.01 0.1
BERR TS IR AR 0.61 0.01 1.3
TEISTEAER 8.09 0.02 0.2
TS VEAERL 3.78 0.00 0.1

1) BELIERELELNIEOEHE

3) EETROER

BERRVETEREBHZ DWW, BB IC IV ER S BAERL 10 BEEL CELN L E & TROMRRRE
BER 3 IR, BHEEMEIX 0163% THY, COBREREIT 0.005% Th-ots. & T IRE: (RN
) =10, Fio, B TR GEEFEE) x2xt(n-1,0.05) ELTGRENS N OT, KEOERE TRER U
HTRIT 0.05%TRE R TN 0.02% R E L ESRT.
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F=3 EFETIEEDSRBROBER
k4, THEREY EEREE EBTRO RETRO
(%) (%) #EEY (%) HEY (%)
BER B UEAREL 0.163 0.005 0.05 0.02
1) #FELIOERELESLNEOESE
2) BEEREX10
3) 1EHEEEX2xt(n-1,0.05)

4) BHEOREH

HRANAARBPEIRBEEERNEEB I CIVERD. £, BHIIVHERRRSDIERIC
HET AR B BRI ICBIIRE N AL LN SD. FIT, BEERCIVERESOERLBYHETS LT,
B B ORI ET o7

TEFREEERNT, 0.02~0.5 g O THRIEMICHBERZREL, EREEZHEL 3 BAoHLE
RERAFRAITRLE, 0.05~0.5 g ORI TRIE L& OIEEREL 0.03~0.08% Tho7c s, B E0.02¢
TIREOEBREN 0.15%ERE ol Lo, REB TOREEIL 0.05~0.5 g L5575, 0.05 g TD
EREERE T REREIEND, THEREY 0.1 g BLEIZTBIEREELL.

£ BLEORERIISERE BUEHE
g | TONEE TERE AL

(%) (%) (%)
0.02 2.560 0.150 5.8
0.05 2.569 0.080 3.1
0.1 2.662 0.044 1.7
0.2 2.641 0.029 1.1
0.5 2.644 0.034 1.3

1) @R LUEREL O 5E
4, F&

IRBEER CAEETHE NV — VB IVERIESFOBRLELRELL. SO EEELZ
LR, MAFERICEVEEER G = 0.999) 8550, MEEERI VS -V iktREOERLBNE
EEELNAERERSh. B, EE TR 0.05%, BE2RERIZ 0.05~0.5 ¢ (FREAIBY 01 g LA
EYEAZERTRBEhE.

FNE = AR DRB OSRIT 4-6 FRIRE, FrER0oRE WEICESHLELTS. —F, &
BiRir, AR RO RBERT-HBIIRBELELERNFER ICIYBBNICHESNDIL,L, Bf
BOERPEDHEBORARICL~15 BHEBELELTERN, | RBHI SRS TEELEONE
BTED.

Fir, FAE - AR 1 SFERB O S ARITIRGTEE RS 40 mL, BRORB TRV KB BT R T LKEE
HEEH 30~50 mL SEEL, SAERESEUCHRBMAER TS, 0k, B THHIhLORE, £
DHEN A BER S L E BT AR 7 MEORBE-CRIEOLEBLEERD, —F, REETHBLERLR
T HBITRRE OREDIFATINDETHY, 2RORVWE-TAVIVEORELLELLRN.

HIE R O SRR VER - TV VBRI S T D OFRAE - BRI S R TRELVI &0, RERITE
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FREERFORLRCR CERLICHHRFELELLND.
BB

ZORBROERICBODTHMATREARE  BHERRTRGWIEEHEELBEMENEHHER
TR THEEEESEL R LET.
X ®

1) MORIERERE IEFR 1147 A 28 H, BEE 111 & (1999)

2) BWKEESET WHRIESORERTEYE, ¥k 12 £ 8 A 31 B, BHRAKEEETE 1163 %
(2000)

3) BWOKEEER EEBRBEETEEE-HEZSORERLESE, IEHBHEENLE —HE
ZECETAEBIEHSORMELFOSHERFERTIFELESEEDHE, TR 12F1H27H,
BHKERERE 96 5 (2000)

4) BWKELER: EHBEEICESELEREOAEEEEEDIEOM, BIEFR 124 8 A 31
H, BAKEESRE 1161 B (2000)

5) BMWOKESBEREERGIEA BB SHE, p11~13, BEEA B AREEBEBS, B (1992)

6) ARBRBROTE Z—HE SWEBENBENVELETIARMEERSE SHF~=o7 VOMER
p.271 (2601)

T BREEXK- AARERARER ENEEESRE =27V OKE, EE, KELEY), ps-11,
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Validation of a Combustion Method for Determination of Total Nitrogen Content in
Sludge Fertilizer

Mariko AIZAWA', Yasushi SUGIMURA" @, Yuichi TAKAHASHI', Jun OKI" @, Yukio FUKUCHI',
Yuji SHIRAI' and Norio HIKICHI" ¥

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

2 (Now) Food and Agricultural Materials Inspection Center, Sendai Regional Center

? (Now) Food and Agricultural Materials Inspection Center, Food Safety and Consumer Affairs Information
Bepartment

* (Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureaun, Plant
Product Safety Division

We validated a combustion method for determination of total nitrogen content in sludge fertilizer. The
samples of sludge fertilizer were combusted at 870°C under high-purity oxygen. The nitrogen released from
the samples was measured as weight/weight percent nitrogen in the sampie by thermal conductivity detection.
The values of total nitrogen conient obtained by the combustion method agreed with those obtained by the
Kjeldahl method over the range of 0.31~8.35%. Standard deviations (SD) of 0.00 to 0.05% and relative
standard deviations (RSD) of 0.11 to 3.08% were obtained from 3 replicate analysis of 5 sampies of different
sludge fertilizers over the range of 0.61~8.09%. On the basis of 10 replicate measurements of sludge
fertilizer sample the limit of quantitative (LOQ) value were assessed at 0.05%. The combustion method was
validated to be applicabie to determination of tofal nitrogen content in sludge fertilizer, with an advantage of

requiring shorter analysis time and being gentler to the operators and environment.
Key words  total nitrogen, shudge fertilizer, combustion method, Kjeldahl method

(Research Report of Fertilizer, 1, 12~17, 2008)
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2-2 BIEEICLDBREMDOERSBEIE
— R RBR BE —

HBEET ', aHmR’
F—7—F  EHELSE BRIES, RERE XFRRR

1. XL&IZ

I, FREEMOEREERLLELSY~OBLHEEDD, BREBEREPLELETETR
R OBENOEERBITEMERZRLTWAY. FRTIFERCEE TRICLY, FRENFOEL
BRI TIEWER BO®MB > Thb, 2o, BRI Y 2o T EE 4 O FE M0l 4 &7
DB CEBEERDY,

FERIPEDPOERS2EAEDTRELRCHELOLD, REBICIAERL2ERREIC SV &
E ik (RREE BTk (1992 FAR)) Y eo Rk, MELISE, ER TROBIRE D ISO/IEC 17025 CERS
NTOARREAOZYEBEOCRBREERL, METAIHENSELN:Y . RS ERREERIL,
BRI APICTRE T ®IE TS Y, BT 5 ERBIM R OEFLBTHTEAL TER TR
el, GRS (TCD) THIETS. BRLTOMITADSEEFEELT, 7a<x b F7E2AVEHER
CHBEERAVAFRARDD, ZOZl, THLORBESERBEEBICIHOMEBMCEN RV ILERE
DOLUERHD. ZOTK, ISO/IEC 17025 OBEREE CHHRERETHE O LERRIZ-WT, IUPAC D
EEHBR Y o ha BB OREEEICIAERER P OEZ L BENBRIEOERARBEERL, HEMD
SUHRRENOBRBEEZWELLOT, TOBELRETS,

2. ¥HMRUFZE

1 HESBRAZRHORH

TRIBLTWAETRBEIEE 2 &, BERIEEEE, URERERE, THEERIESES1IAGHS )& 2~3
kg ZRBRHILTERL, Eo— A @SR AN TESL, LRERAROHREEECRIERT CREL.
HRBRAEEZBHRETEREICEL, HEISUCERGERS (MR 28 DF62)IZLY 40°CT 60~
70 BEHE E2i 65°CTC 5~24 BRI EIRL 7208, BB DM RE (Retsch ZM100, Retsch ZM1) T H B & 500
um D5LNVERBTIECTHHRL, IEALCHERBRRBEAN L.

LRI A REHT 0.8 g 2RV o LU REBRII AN, RF74VATH UL, —RO7 I A FEEE
REET B, ThENLOFERESOLERBREREBORRIE 2 RFOFEZOIT NV HRR
BABE (10 £y 2B MBMBREBITEMALE.

2) KE
ERBREBCRBLOOARELRSERNEEEBLMEHLE.

DMSIITEIE A BMOKENBRELEN v — IR E S RER
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3 BEREEDHE
SHTEAL0.05~05g% 0.l mg DHTECREARBICENLY, RBESERBEEBLRAV TR
BooZRLEFEMH L. (B
BEIZHTE->T, REE, 7ulIrRURTA-FORER, SRRBMRBEESEENELBOHE
B ORAE R BRI

l %ﬁ%ﬁﬂ?osﬂvo.ﬁg | RBERARRIC0.] mgDHTETEDES,
[ BEEEERHEEE |
M1 BB LAERIESPOEFELERBREOT7T—3—h

4) #*EFABRAAHOE MR
TUPAC/ISO/AOAC @iﬁ%‘é‘h'i%ﬁ?"m}\:lﬂ/”@fﬁﬁ?&%%ﬁquiéiz\ E&RIOKEAARBAREPLENT
10 BRI, HRBHT-0E 2 AHHT T 3)ITHE> TR L.

5 HEFHER
RECB MU B RBRELEALZREESZRSWEB O, ER EOMN A58 H H Kk UME
RAUERERRIIL T OLBYTHY, ThENORREITEWTEAM LI 10 BUEHI DWW T 3HTHE-> TR
BhhEEL.
RS T 7 F v 0 (Fawth—L5, BEE, EDTA)
BEREHT Ao BRI (FlashEAL1112, Zo<h'57, TASATEER)
CHEREH Y A AR - TR (PROTEIN CORDER JM3000N, Zu<whi 57, FR/NGH
)
e ERST 2 — KRIREHEFT (SUMIGRAPH NC-220F, 7ush 57, 7 ASNTEH)
HASHESN T & — BERBEFWEEEL (SUMIGRAPH NC-220F, /u<hs 57,
FARSNGEER)
< IR LECO ¥ v 0 HIREEHR (TruSpec N 3, W%, EDTA)
- BEE A B ARRERTEH S (SUMIGRAPH NC-90A, Zu<whs 57, 77 =UE)
CHNATBOIE AR E - RREERNEESMAREEMREMER EROTMARES ==
F (LECO #{ FP-528 %, W%, EDTA)
CSLATEBOE ABMOKEREESFENE L F—
M X — HEREWE R TREERE (SUMIGRAPH NC-220F, Zu<whs57, 7R/ SIFER)
AEL PEEEI S SR EREHE EE (SUMIGRAPH NC-220F, 7~k 57, 7R/ NGX¥ L)
AL BEREEASREL TS 8 (PROTEIN CORDER JM3000N, 7u<why 57, 7 A%
FE L)
AL FTREREETIEER (SUMIGRAPH NC-220F, Zu~h/ 57, 7R/NGEER)
c AR A RAAT PR S T n U BEHMEEEEE (varioMAX CN, WEE,

T AT HR)

(50 FIE)
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3. HBREUBE

1) #EFRBRARHOHNEERESR

BB MR BR DAL ITUPAC/ISO/AOAC DRERB Y b= " OFife 2 et FEi Bl En Tnd
FIEREE (KRR CAVSEEED 2R | IRLE, BRLA&LRRBARB ORI BN IO BB
L, B2, BRBEOEMNMEEEEIT 0.1~2.0%THAZENDL, £TOHEREFEB AL R
WHAWATDOWEEEE T AR L.

2 2
§am = F2'37'2==111 + Fos“an

s B OM S B (R OEOB AL, 0 235)
San BRIE LD 438K
o FAFREREE M OSE (Pu=(0.3%0,)® ;0,12 Horwitz DY L0
Fi, Fp: 10 86 & 2 AT CRIELIBE R OT7 7 05—
(F1=1.88, F, = 1.01;critical values for homogeneity testing(Appendix 1))

%1 ERLBEOWENHHRRRROEE
HEZ THERED EEEEY HEEREEY  sTam  Flo g+ P2,

(%) (%) (%)
TEVRREERIA 6.14 0.01 0.2 1.01E-04 5.94E-03
15 TR SR EEAEIB 2.32 0.01 0.3 0¥ 1.19E-03
LRI TR AR 4.43 0.01 0.2 1.68E-05 3.45E-03
TS5 TRAEE 7.99 0.01 0.1 4.59E-05 9.31E-03
ADR R g 0.79 0.02 2.0 0¥ 5.19E-04

1) 1050k R HT OO R A ERE

2) HERHOEERE

3) REEoHsHELEREZE

4) § OB HERADE TH 0Tk Lz,

2) #FARBREMEVANERE

£ BRBRE DDV S-St RIRBAERY R 2 10R L. & RO RE ORBRERE IUPAC DR
RER 7 uba L s TREBEBLE, RBRBEOANEERE 50 Cochran DRE R T
Grubbs DR EFEMLI LIS, 13 REEORBAMOILERBEEE B © 1 MBE, LREREL
T2RBE, TEERIEE T2 RRE, BAFEREL T 1 RESORBRAEBELHEIShE.

3) HTRERVERBRAEE

HNERRA LR EELVE H U E, ENRELOEHRE2 (SD,), MxHEHEREZE (RSD,)
J U HorRat ff (Ho,) ¥ UNZ BB R B 3 OHEHEE 2 (SDg) , M E MR Z (RSDR) & U HorRat & (Hog) 238
3 /R L7z, HorRat fEIX S HEOREOFMETHDICHE VLN TEY, Ho, X RSD/RSD,(P) B}
Hog 12 RSDp/RSDg(P) iTXyRHENBY, /28, RSDg (P IXF ¥ EE»D Horwitz RO CLORD,
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RSD,(P)ix Horwitz FIZFRER (12) 2R UTRDH 12 A NEEBRALI-RBREOEHEE 0.80~
8.06% THY, €@ SD, F U SDp i 0.01~0.03%& T 0.03~0.09% T&HY, RSD, K USRSDg i 0.3~2.8% %
R 0.9~43%Th-oTo. Fiz, RSD, Jo T RSDy DFEAM 12 IV VA Ho, B U Hog 13 0.20~1.37 BT 0.31~1.04
THY, WY 2 BLTF THholk !,

#F2 HRER R OERSBOLRRBR R (%)

StEpul VEIERBEIEELA TE RSB NEB UIRTETENER]

A 6.21 6.20 2.36 2.39 4.43 4.44

B 6.03 6.05 2.61 228 9 449 4,52

C 6.13 6.13 2.32 2.34 426 432

D 6.24 6.29 2.36 239 448 447

E 6.26 6.23 2.40 2.43 4,41 442

F 6.14 6.15 2.34 2.31 4.42 4.43

G 6.13 6.13 233 2.32 4.43 4.44

H 6.27 6.23 2.35 2.36 4.38 4,16 2

I 6.26 6.22 2.44 2.43 4.48 4.46

J 6.38 6.40 2.41 2.40 4.70 469 ¥

K 6.17 6.15 2.32 2.32 4.44 4.44

L 6.23 6.22 2.33 2.31 4.47 4.43
M 6.13 6.10 2.32 2.32 4.46 4.47
HEh= T 3ETERAEE SERV T JE AR EL

A 8.08 8.09 0.80 0.82

B 7.65 742 B 0.78 0.71

C 7.98 7.98 0.80 0.80 2

D 8.17 8.16 0.85 0.83

E 8.16 8.20 0.83 0.81

F 8.03 8.05 0.78 0.78

G 8.02 .02 0.80 0.81

H 8.01 8.15 0.76 0.74

I 8.06 8.07 0.87 0.83

J 8.38 839 ¥ 078 0.84

K 8.08 8.05 0.80 0.82

L 7.96 7.97 0.80 0.76

M 8.03 7.99 0.81 0.81

1) ERRBRICB ML RARE DW= VR R
?) Cochran7 AR LA HVE
3) GrubbsT ARz L A4 E

21
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#3 EERBRAEOMITESR
ELw i = wmeE? sp?  RSDY  Ho”  sD”  RSDY”  Hop?
et (%) (%) (%) (%) (%)

THUEFEBEIEELA 13 6.20 0.02 0.3 0.20 0.09 1.4 0.48
TEIEFEERAEELB 12 2.36 0.01 0.6 0.34 0.04 1.8 0.52
LRIBVEARE 11 4.44 0.02 0.4 0.25 0.06 1.3 0.40
TSRS 11 8.06 0.03 0.4 0.28 0.07 0.9 0.31
BERRIBTRAREL 13 0.80 0.02 2.8 1.37 0.03 43 1.04
1) AW RBREE
2) EIHE (n =R EFFBHL(2))
3) ENEERE
4) ENEMNEERE
5) ENHEDIRLHorRatfE
6) EFIERERZE
7) ERFASHERERZE
8) =ZERIFE B HorRatfE

4. Fe

13 BEREIZBWT 5 M 00 ) 0EREHSZAVTEZSEOHRBRBRETERL, RBEHILLAE
FEBERBREOFMEITof. TOHE, BHEREE GHHEREFEZE) 13 0.9~43%ThHY, TOFHEIC
FIV 3 HorRat 1L 0.31~1.04 THY, 2 % TE-TW, ZOIENE, RBFTE O LEICLERRBRIED
ZERFREBEILRRETORE ThoT,
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Fae T, ARBRETILE SRR (2008) s Y,

E

Z DBRBRO TR ORI ATEOE AR 3 - B SRR A T RS & SR A TS A
TS TR FUCRBN L ET . 7, RRRBICT B AR T 25y, RERT
23, RSV s A F AT A TR, BREELAW L F—, BREH LECO Va3, BEEA
ERREDS, MUITHIEA RS &R EE R AT MR MR TR RO B AR A A~
F RS ORI HEERLET

X |
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Determination of Total Nitrogen content in Sludge Fertilizer by a Combustion Method:
A Collaborative Study

Mariko AIZAWA' and Yuji SHIRAI'
' Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

Thirteen laboratories participated in a collaborative study to evaluate a combustion method to analyze the
total nitrogen content of sludge fertilizer. The samples of sludge fertilizer were combusted at high
temperature under high-purity oxygen. The nitrogen released from the sample was measured by thermal
conductivity detection, and reported as proportion in weight of nitrogen in the sample. Ten samples of five
kinds of sludge fertilizer were analyzed as blind duplicates. After removing the outlying data using Cochran
and Grubbs outlier test, the mean values, standard deviations of repeatability (SD,) and reproducibility (SDg)
ranged from 0.80 to 8.06%, from 0.01 to 0.03% and from 0.03 to 0.09%, respectively. The relative standard
deviations of repeatability (RSD,) and reproducibility (RSDg) ranged from 0.3 to 2.8% and from 0.9 to 4.3%,
respectively. The HorRat values (RSDg/predicted RSDg) ranged from 0.31 to 1.04. These results indicate
that the combustion method has acceptable within-laboratory and between-laboratory precision for

determination of total nitrogen in sludge fertilizer.
Key words  total nitrogen, sludge fertilizer, combustion method, collaborative study

(Research Report of Fertilizer, I, 18~24, 2008)
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1. LIz

BE D A BE (R ARV B  HPHOS) 1A A MO AEE (HPO) ITHEBEL T, AK~DBEREREL, BPE,LS
NROABREDE TN SN, VAR R VHEVABEAVOIEREFER L CERICERBA LSS
DRIEEE LS, RO NVPOABE AN~ TE R EPEIMLI e ENHEShT
Y, WOABRE RSN A OBRES B RS CHE T X o TET0AY.

AL A AT (1992 4) DX RS P OBV AR E O A EELL T, KBER SR (4.2.1.C0)
Lictk, NTREVT F BT Eoy AE (423 B ICLBAL, BOEELRETHHFEMREEN TH
A, ZOFETE, EFTHHEASNVMNABES VN ABICE LT A0l 1+ 2MATEBRTLH
EBREEN B, VAR IUIEVABRIE AVIERIOR & TR ASBLENT, ERESMERSER
Bod,

KB F OFEYABBAA L EBOBETA THALEDDY, B FEFEBELCHRBRHFET LIS
FEKTEBRCBETDHECLUT, TAEBAE) 120, EOABPAIAMABRICELIN, RF2R
EERBBOLI. 2T, ZOFET OO TELEORBEERBLAOTEOEELRE T,

2. MHBLUHE

10 ##

BABEIHEVABELFEB LU ROBKRESIEE 14 Rz E L. BRICAVWSECTEHAER
TERIBRFTICHRELE. |

EOAER, RE, KEMEAIUD L, 1398 (LLE, FRRAERER RUKEEFELTAY, EIAR
DEFEREE PO LLTENREN, 02, 4, 10, 20, 30, 40 RN 50%&Men Do fER L7 SRRt 7 &
BENTNBHBERICANEREFNCEAELEL. 28, ZOMBREENL N LU TH 2.9~5.4%, K0 2LT
#1 2.9~4.3%, B20s LT 0.3% S H 15,

2) EBBLUVHRE
(1) S¥eXEs - BEEERTH UV-1200
() FTHREXNEGIRVEYE  EEprg

' MSATBIE ARWOKENBRE ST RS L —
2 (B) MIATEIEABRHOKERR RSBt 7 — REEE SR
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3) FybSL—F @ TR EC-1200N

3) ME

(1) BERBEE: PP (VBT 2205112 g2KICEML, BEEL 250 mL 22 7-1%, txY
TFBRART Es A AKFN 27 g BAKITERLTNA, BIZAEME T 1,000 mL &L7E,

Q) T /)—NTEALTEH: T/ —NTH A g&xH /7 —(95) 100 mL (238U,

(3) DAHBRIEIENR: DABR T KFHUTLE 105 2°C TR 2ERMEL, FLr—a—hoiB LI,
19.17 g ZOXEMIZIEDNDED, D EOKTE?L, 287722 1,000mL KB L AN, HEE 2~3 mL %
A, KEEBETMATOABRERRK (10 mg P,Oy/mL) 2L, DABRIEER (10 mg P,Os/mL) 50
mL ZE&E7TA= 1,000 mL (2&V, BB 2~3 mL 22X, KEERSTMATOABREER (0.5 mg
P,Os/mL) EFAS LTz,

(4) B, THER, MEBER U7 B=7 KT R e A v,

4) EEHE (H15R)

(1} SFREYTFUBT Ty AEKEEDABRSHTE (BB OHTEE 42.3) (BUF, TREREIEWD)

SWRE S g E2EETF A2 500 mL ICEREIZEY, K 400mL EH0Z 1 4 30~40 HiEEOERKRRY
BT 30 HFHEVIR S0, EHRECKENATELICAK 3 B TABL CREERELE.

ABHEIRO—E R (P0: LT 05~6 mg) ¥ 2B T75AD 100 mLICIERIZEY, HER (1+1) 4 mL &MNE
TEBL, 7o/ — A T8 A REERRELLCT a7k (141) Thfal, Bl (142) 2% THE:
HEEL, EWROKTHRUTHEARERE 20mL 2%, EEETKEMNATEVRY, 0 30 S EKER,
BIEWEE 420 nm OELEEZRIELE.

BIEFIZ, DABREEIER (0.5 mg P,Os/mL) 1~12 mL 302 &7 722 100 mLICEMAIZEY, LT IHE
BOKTHRL T~ LARCEBELCREREERLE.

2y WFREYTFUBT E=UAEVABERESITE BRSO TE 4.2.3 THRESBEEERT5
) B A A B AITIE (LT, THREEARHE 120 VD)

(DTRHRBLICABHE 40~70mL &3 #F 7 7 A0 T IERRIC LY, S ARIRIEA] (FRBLSH 1 SLERBRIY T L 9
HEPRAELLOH 10 g) 200k, WIZHEE 30 mL M2 LRVIEE THMEICHL, BRio mEN
ETBHETMEL, BROBVELZIe->Thb, Bic 2 BEMBLZOLHEEKE UL, ZOREHEE 250
mlL DEE7IAIKTHLIAR, EBRECTKEML TELICHEASKRTHBEL TRENERE L.

HEBEO—FE P0: LLT05~6 mg) 2 EET7I A2 100 mLITIEREIZLY, 7= /) — VT B AT
ERRELLTTUR=T K (141 THAIL, REE(1+2) 202 THRERELL, WEOA THRLTRE
SRV 20mL B O0%, EARECKEME TRV, § 30 S RIKES, BEEE 420 nm O % E
ELiz.

MBS, DABMEMERIZ OV T L EBRICREL TR BREER L.

(3) EAkBRLE

(DTHABLEZRBHERO—FER (P05 21T 0.5~6 mg) Zh—AE—H—100~200 mL = EFEICED,
R 3 ml RUWHEER 1 mL BW0X, BEHILTELY, 200~250CHEy L —b ETIMEAL, EER 1~3
CmL WCRAECERELE. MBE, KTE£BTIRI 100 mLIZB LA, 7=/ —A 7 XA Bk ER
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LU TT =T A Q+1) il BEEE(1+2) ZMA THd L L, BARERWE 20mL #NL, BiEE
TAREMATERVEY, 30 OFAER, BEEER 420 om OWEEZREL-.
FFFIZ, DABMERIRIC W T (D) SRBRICRIELUURESR 2 ER L.

2.4.1) ANFEHR 2.4.2) HRBRFE: 2.4.3) EKRER L
B 3 ]4 &7 522500ml
— 7K #9400 mL

=R [EHER IR
304% (30~40[E|ER/45)

IR GEHET)

[(%& |»%%
i |
/¥ SRR L LY e e o200l
o~ FEER(1+1) 4ml — SPRRHEAIR 10 g « EEE3mL
w8 30 mL — FHER 1 mL

i RS TERY ., 200~250°C P
ArBEE EOAnE | SHRs e EL ARy le— b B ingiL | R
B l~3mLicie B T

hnak
[ =l N2TEES %i’%

BL |[&R7IRa 250 =1
Ate |mL AT

e RUEERET)

[ 2@ |»u3tE

ST P05 4L T05~6 mg
£RB7F33 100 mL
I

875X 100 mL

e T VTR A~
— FraoFA(1+1) ]
—  FHRR(I42) [HRERYE]

— K EE

e FEEABEEEE 20 mL

— k{EmET)

ME 30450
W AL B (420nm)

1 AELE, MBORERCEXKBILEOTENIE

2. BREIUBE

1) BIEAEDLER
FOABEREA VI ABIZBRILSE A, BFEEONHEE (1+1)4 mLTEBTIHE L, BLIOMR
WEBERWSHEREZLZEIL Lo TEENFRENEIDIZONT, LTOLBIBRLE.
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FIROHREEIER 3 AR VHEIABEEEE P,0s L T4 RU02% BB L2 A, BT
SHEICLSEBEDY S, BBHEE 100 mLOER 77Xk EAUHEE (1414 mLTEBTELI5%,
100~200 mL QA —H—%EF UHER, TR -HEB O+ 2L, TR ENERBHBELT
FARU BRI LY E BB LT, e, BEFEOSIW FELLT, ERSITEOVABEREOER
CERASNTRVEVAROERLTHREEZ LR AMBES M (EE 242) k3K BEVABERE
DU Th gLz,

FORER, R1OLEBY, HiEk 3 mL R OWEEE | mLEMA TERBRETDHFER, 02%DKEEOED
ABBLTEBRTRETHY, MABBBPEL D B IELR . ZOHFERICLVUTOREITIZEEUL.

1 SEOBILFTEHECILERRER

BT
;ﬁ A WEE(I+])  FSERIOmL MER30mL+  EESmL:  FEERlmLt
L 4mlL FEEEI0ML  EERImL  FEERImL  REEA30mL
5 o SOMAR ARG EFEE  ARRE  ZBEE
(AEE) EABILE) R )
0.09% 4.52 39.55 39.42 39,30 39.66
I 3832 (())b) (12) (103) (103) (103) (103)
5 3437 € 6.93 11.57 34,57 34.71 34.44 34.62
' 20) (34) (101) (101) (100) (101)
3 9877 0.05 " 540 2911 2932 28.95 29.03
‘ (0) (19) (101) (102) (101) (101)
4 4 0.01 .26 4,05 4,04 4.06 4.06
(0) (6) (101) (o1 (102) (101)
5 0.2 0.00 0.02 0.20 0.21 0.04 0.21
0 (9) (102) {103) (22) (106)

a) EEIE(%)
by OWOEEIIEE S BR100% L L EEDENTNOBIL LD ERBEOEIE (%)
¢) PSR- B203 IR AR P D H 3k (0 ABEAR SR TV A ) OKIEED A BRER ST L 7 B AY6.66% B 5.

2) MBET FHIIONT

1R 3 mL K URHES 1| mL CRUEHEZE BG4I, EYABMERERICTAMABRIL T2 0
BT RWERF T D0, HOABERBEE P,0s 21T 30, 20 BT 0.2%ICRHBL 7250815 B vy, n#
BAEICLOREHR R B EBBEICEA RN EMBUEREL R U, MBE B, RO R
R OB LA R OMBEE R CRENFTRECHHILREEZEL T 250C TTo7.

FORE, #2008y, REERENY 0.5 mL~5 mL OB, R BRIASEECTEMS
Tpote. BBHER S mL UTECEHBLAEZET, BEMS EEL, BME18820, VABEE TR
ABRILTETLLE ZBNS. F, BEESHTEE S IVEVWEREL -T2, RECIIMARRMEICLD
B ESY 1~3ml 2952087,
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z2 MBI TREORBHERER 0~20 mL CBITAEERKE
wpooa B T R OREHRIS R
B 2eat H Eﬁﬁn
z ﬁﬁ/]r:} ﬁ %‘&*\% N o A 4 ¥ L7 <
(%) (mL) (mL) 20mL 10mL S5mL 3mL 2mL lml 05xl {(&EB)

30329 3032 3009 3032 3009 2698
ony? (101 (100) (101) (100)  (90)

45. 2007 2017 2007 2007 2007 19.43
(22)  (100) _(101) (100) (100) (100)  (97)
3 -0 5 o ~ 71990 2020 2029 2029 2012 17.39
(100) (101) (101) (101) (101) (87

0.09 020 020 020 020 020 020 020
(46)  (99) (102) (102) (101) (101) (101)  (100)

1 30 2.5 6.5 - —

2 20 10 14 —

4 0.2 60 64

a) EEME(%)
b) (OFOBEEITRFRDELI0%ELI-LEOFNFhOBRBIIZIERBEOEE (%)

3) MBRREICDONT

WYABEZRREEEAICHIY, MEBESRWFRBEALRELN, BHofGREbE A, FIE
BChHALBMILATNTEVEVA L FEDICEL CERVATREEYRES. 00, BB LR MEVEE I
DWW, LLFOEBORELE. '

HEDABEEEE PO LT 30 RO 02%ICFAMURB4 AV, HBBEOMERELHERIZEZ
IR AN L ERER LU

FORER, £ 3 OEEY, 150~270°C TIEBMEICEITABN o, LkL, BBHEE 1~3mL £T
RBHETAEICRIVER CHAFRMARB OB IC 20852, i, 270CTHRERP RO E2HE
OREREBHAOT, RETHMEEE % 200~250°C 2L 7x.

3 MBGEE 150~270°CIiITHEEBR R

sp e AR E
&5 Ton o 150C  170C  190°C  210°C  230C  250C  270°C
30329 3009 3032  30.09 3032 3032 3009
130 10 (10n)®  (100)  (101)  (100)  (101)  (101)  (100)
PR O 60 50 45 40 25 20 15
021 021 020 020 021 021 02
2 02 60 (103)  (103) _ (102)  (102) _ (103) _ (103) _ (103)

SRS 600 400 310 260 90 85 80

a) EEE%)
b) O DOEIEIER RS B 100%E Lin L& DEN TN ORI LA EREOE|E (%)
¢) MNEAREREY, RBHEATR BN 1~3 mLERBETMNBERIE T DI E LB L ORE(D)

4) EKRBALBIEORB~ADEEICDONT

SEMIBEIAHTIE (1973) 9 Tt TS BIRICE(L=Pui v (NOCL) BEAF T2 OB THEILE-T
DABROBEENHTONLIBENEELEDRABNEHE. 2O, TKBIETHITEERTIIE, BE
B O BB DV Th B AR ERRIE NN AR L FR I EK B LR ELTONER DD
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REMENHD. T, MBOREOVABBEEREAWT, EABAREOFRIIIIBEHZOEN
ER LT

EOFER, T 4 OLBY, EARBLBEOCHFEILIIPREOCERELRERRDLN T, ZoZEnd:
b, EABEICLDBIBRIETE, BILIEAWAEKROED 4 mLEPBTHY, FITRELERSYT
WA, b= bl N OERENDE, VABOBBEIHITALFE I boLE L 55,

R4 ERBLBREOR BICLDY AR IR E O L

DABRIEHETRR B ERBRCBRIEDR &
(mg/100mL.) A 45
0 0.000 @ 0.000
2 0.458 0.457
4 0.909 0.908
6 1.346 1.346

a) 2.4) (3) DT100~200mL DML A~ 1 BT L RER DB FETT o7
b) 2.4) (1) DHEREOK THI|O T~ | AT LRHEOBERIT -1z,
¢) 3MOHT oI O R ICE

5) RO

EAREBRLIED, SEOREE# ALY ABE AR OERITE B T h IO R T A0, H
AROTCRAE S IEEE 14 A5V TEKBRLER CRRER S RIS IZEY, KIBEEVABZIEL CERER L
2 Oy vl

FOFEREE 2 THY, EEEO—REFBRXOERAEZ 1.012 RUEI R —0.561 Thotn, Fie, £
ORI ) 0999 THY, FABRLE TORER (11.1~39.2%) IR AR E TCOMEELIEE—
L. WEROSHEOSHED, BERBEHI SOV TKIEEDABR RS BELRLL O, 200
Hb, FEROBIRE SIEBHI BB TOA D, HYABEE LK BEIABROE BEIE TR
Hiizinotr.

6) HERAEORBBIORKR

(1) HEHENREER

EARBICECLD S EORHMSERE T, IBMEINRRBREIT 7. 2).()ORBREE2FAWT
BYEELIESFWLTELIEEBIERE2E SR LE. SREOEBRECERERZ (SD) 1L 0.00~0.04%
THY, FHEILZEIT 1008% ~102.5%, TOMAEERE RSD)IL01~LT% THhot. LR 18F 5 A
B ST EREBRFEIN TV AEVAB I EIABEYFER LUK ESEN R UEERZA
A B O KB AR KRR S & (50%) R U /MRREARE S £ (0.5%) 2 THES 0.2%8 T, B
IR IERES (EHEIN S R UCBIEURSE (BxHZREE) S BLh.
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@ 45
i y = 1.012x - 0.561
R r=10.999
2
= 30
3
g
i 15
il
[
&
%ﬁ |
0 k
0 15 30 45

BRBR Sy ARIECOAREEHED A B TE BB (%)

2 WO MEELTAKBLEICEARE R OKEEY AR E BEOHH
FEENFOEBEICLASERER(0=14) RS y=x DE R

5 IMEIRREE R
WINEE THEEEY  EEEE  pygmies? HRHERREE

(%) (%) (%) (%) (%)
0.2 0.21 0.00 102.5 1.7
4 4.03 0.01 100.8 0.2
10 10.11 0.01 101.1 0.1
20 20.30 0.04 101.5 0.2
30 30.36 0.02 101.2 0.1
40 40.73 0.03 101.8 0.1
50 50.54 0.04 101.1 0.1

a) 3RMHTOWRGRO Y ERHE
b) 3AEPHTOT RO LB B

(2) E&RTRERMR .

HOABESH BEP0LLT02%ELERARREZ AV, AEOERTRERB UL, TRHT 04 %
EHLRHER, RAB/L. ERTRIIEERE0, £z, R T RIVEEREX2xt(0-1,0.05) LL TR
ENBHOT, AEOE TR U H T HRIZ0.01%%8 B & TH0.005% 2 B L Eai .
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®6 TETREBRROER

THEEEY BEEE TEETEOHEEY R FROEE?
(%) (%) (%) (%)
0.206 0.001 0.01 0.005

8) TEBHTHW RO T E B

b) EEREEX10

¢) EHEREEX2x1{n-1,0.05)

3. F&WH

MBS MT I LD RBEVED VB Y TR Th B/ NSRS F U T Lty AT, BYA B IEEED
AEEREFRE LB OV TR, BEYAB B EOVABIPKEEVABSLTER CERboT. 207
9, BOBRETOIHEE(+1) CRBTIHEIE, thoBETEICER T8Iy, BIABREAVER
BHR OABIEVABOE B FEERFLCRER, TRBRICHES 3 mL & URER 1 mLEM% 200~250°C
TRWBL, 1~3 mLETEETLHIE (EABEE) CLVEVABREA VM AUBRICBILAYERETHIE
BTER,

COERBACIRICEY, SEEORBEZERL, BHOABEHE BEEP,0:2LT0.2~50%2 735 LT IER L
TR BRBL T R EEALCIRMEIRRE EELER, SBEEOEBEOEERZ (SD)X0.00~0.04
%THY, FHIEILERT100.8% ~102.5%, € ORI EERZE (RSD) i20.1~1.7%DBER B L, iz,
EETRIZ0O0I%EBELEESN.
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(1992)

3) SemEER, AR ERLSEEE V-6 Y P, p.145, AEHRINEE, HET (1965)

4) LERSCRE, BBFIESE, MR EE, SR KRR ST AR IE R ATk, o3, BERE, I (1973)



HEY A BB AGIEE R OKIBHED ABRRIE —BAFBONE— 33

Development and Validation of Spectrophotometry for Determination of Water-Soluble
Phosphoric acid in Liquid Mixed Fertilizer Containing Phosphonic Acid

Toshiaki HIROI" ). Masakazu SAIKI' and Kimie KATO?

' Food and Agricultural Materials Inspection Center, Sapporo Regional Center

? (Now) Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

Simple spectrophotometry was developed and validated for determination of water-soluble phosphoric
acid in liquid mixed fertilizer containing phosphonic acid or phoshonate. Fertilizer was extracted with water.
The extract was digested with aqua regia (nitric acid-hydrochloric acid (1+3)) to oxidize phosphonic ion,
after simple filtration. Water-soluble phosphoric acid was spectrophotometrically determined by measuring
the color developed with an ammonium vanadomolybdate reagent according to the Official Method of
Analysis of Fertilizers published in December 1992. The mean recoveries ranged from 100.8 to 102.5% to
measure the phosphonic acid added to fertilizer as 0.2~50% P,Os. The standard deviation (SD) and the
relative standard deviation (RSD) ranged from 0.00 to 0.04% and from 0.1 to 1.7%, respectively. The result
of a quantification test indicated that the method was capable of measuring approximately 0.01% of
phosphonic acid or phoshonate as P;Os.in a sample. These results show that the developed method has
satisfactory sensitivity, precision and accuracy and is useful for the determination of water-soluble

phosphoric acid in liquid mixed fertilizer containing phosphonic acid or phoshonate.

Key words  phosphonic acid, phosphorous acid, water-soluble phosphoric acid, liquid mixed fertilizer,

spectrophotometry

(Research Report of Feﬁiiizer, 1, 25~33, 2008)
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1. IZLHIC

B AEE GRARVER H ,PHOS) /L M) AVBE (HPO,) I ERBE L C, AIR~DEEFRIE S EL, BT
VRO ABRIDS TR S, BYABRE OCEDABEAVOIEHZE AL CEMICEmBAA LSS
XTEEBE LS, (EROTNVNABEAVIERICE S THERPRESEMLZERERREINT
BY, BOABRE R ZEREECHE B O B AL BT LI TETVAEY,

BB 7 AT (1992 ) PHTIXAB R O KB ABRRIE DATEEL T, KBRS E I (4.2.1.C.0)
Liztk, ANFREVTF VBT ooy AE (23 ) IKEDRAL, BHERRE T FESREsL TN
5, LOFETIE, 8 T3HEAAMABEL AN ABICE LT ICHEEE (1+D 2MA TERTLF
HERELNTWEY, VAR IIEYABEAVEROHEE CRESBAISHT, EREME 5HE
Wb,

OB HEETE KR CEBRCRETLIFEICEETAILIRLY, OABRANVNABIZEBLE
n, BERERMELNERD, ZOFBECIVRRESIEE 2O RELTRIELE, EETROME
PRE D ISOMIEC 17025V CEREN W ARBENORUMBERORBRLEREL, M2 TAHERELN
P BICREEOERFE CHLIRBATH O LKRBRIC >V, IUPAC ORBRBE bl EsE
WHOABEAVIES P OKBHEVAVBBRIECXRRBREEEL, RREMOBRBELRELED
T, T OMELRETS,

2. WHRUFE

1) AEOER ANE

WIROEVABRITEIABREBELFESEUBIRE SR (R 5 MY RIEL, BRBR& LU TEIRBHTIC
BE LU, FNENORBRTIGRVBE 2, EHLICEEBHY 10 g2 RVESRICAN, ERRBREARE
ELTe, —ROTZAFRBZRETED, P FhoRRESEROERRBARBOREC 2
—ADFHEDTNEMA . FEFBRARE (10 R) 2 mRBREICE L.

2) ¥E
Sy RREEE I A — T — L XM T AR X LR MV R B, BV OIR B IO B E BT

DMSIATEIE AROKERB R SR oy — iR 2 —
P (B) MIITHOIEANBRKERRREHIF s RN R RER
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EL, REOBERBICRDISTARRCT B OBEHELL.
SHENEFIIERRECRESN ONSEBLER L.

3) HEHBRORAE

(1) #iH

SFTEEL 5 g 2B T T X3 500 mLiZeY, K 400 mL Z0Z 1 43R 30~40 BIEEOIRVEEHE T 30
SREEVEY, BRECARZMAELCAK I ETARLE. AR 10 mL 22 E&75 22 100 mL i2&9,
EBRETKREML, BEHERELE, (B D

(2) 6

BPHATE 10mL (P05 £ LT 0.5~6 mg) & b—/b " — 7 —200 mL {249, HEE 3 mL & UREEE 1 mL 250
%, BEHILTEY, 200~250C OB L ikdy AL —b L TIEL, IREDN 1~3 mL 2725 CEELE.
W%, KTEE7522 100 mL 2L, 7=/ —AT7HL A (1 ¢/100 mL) 1~2 {@&E, BEO
BERBOFREAIRLECT TR (1) M THIE, BROBOREAPHEETIETHER
(1+2) A CHEREL L, BEOKEMZ THIRL, REMBIBK 20 mL 204, BIZERETKE
MR-, 930 wRIKELE. (F 1)

4) FEEYABORIE
FRABERIVECTEYA T REYTF U O S E (F & 420 nm) #HE L. BIE ST,
ERBREOSHLEFOBIEFEMHE .

5 HWEMOER
HERRBAREOHESEZMWE T 55, IUPAC/ISO/ACAC O IFRERER 7 uba L9 sfEwyy, &R
OEFREB FARENLTEN 10 BERHREERY, FRBHI 2% 2 ST T I~ THILE.

6) HEFER
WO 12 BRBRBIZHBWVDT, EALE 10 BEE I)~HICiE->THRARBREERL/-.
- BRIERRST EEIS
- KB EHERST
- RE{FTERat
< MEENEFREPBRERS &
- BSTITEE ABPUKEHEZ R4 RTESENR2REL, LRt 54—, iEeri—,
EEHBESY—, PRS- KFEEHRE @B &
Ok S v
- KIMEFRTERRESE KRS
(50 FIg)
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RTERRE 5 g DLz,

7K #3400 mL
[RVEE 3050 | [EEzIEVIEFHE (30~40HE,/4)
K (FERET)

E %{E | A#E3fE
[ o 10mL | éﬁw&znwom

7k (JERET)
[THE 10mL | b—At—#—200mkL
(4 EREIIP,051.C0.5~6 mg)
3R 3 mi
~—FEEE 1 mL
i 200~250°COFRy L — b e £
i““ ME | 1~3 mLE TG
! ﬁ&}(% i
[ BLEALy ] £B7922100mL. 7K

7w ) VT E A G (1 g/100 mL) 1~21H
T =Tk (14+1) [HFn]

—THEE (1+2) [FBERE]

K HE

S5 IEEIK 20 mL

7K (EHRET)

E ﬁﬁ?ﬁﬁ. ' | #3058
! FIE | 4 ¥e96EEEE (420 nm)

1 ﬁ@hﬁ;’%%ﬂ@ﬂ&*ﬂr*@ﬂ‘d@ﬁ@fuﬁﬁ%‘%ﬁ%’%{’ﬁ@lﬁ
3 HERUERE

1 £ERBRARHOHEEER

B MR B OB R UHRDE L 2 Bl X 10 BRE O — RE B I LA W OGN EHME LR 11T
RLTE, WEROREHZBW T, FEMF(9,10;0.05) % FEl-Zehb, FEKE S%BITBWTEREIC
HRERZIIROBNNoTY, Fie, BB OB EREZEIT 02~03%THD, 2 TOH T AREMNE
FRRICAVSZERTEOHEMEEE L CDHIEEMER L.
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F1 HEVABRE ADIBE R OKBEVABOSEEERRBRORER

St qﬂﬂag;ﬁ@” miﬁ?é;ﬁ)ﬁ%” Fi” FEFRAY
() %
RS IEE 1 33.35 0.2 2.42 3.02
BIREEIEE 2 17.89 0.2 1.67 3.02
HORAE A IR 3 7.96 03 2.53 3.02
BRI 4 11.84 0.3 2.18 3.02
HERAE SRR 5 23.77 0.3 1.51 3.02

1) 10 AT O OB EYERE
2) AEEOHEMEERE

3) —FeAES T EIC I E HEh B
4) F(9,10;0.05)

2) #FEFBRRERUNNIERE

EFRBREILREINLRRBRELE 2 ITRUL. SR OSSO B4 IUPAC DR
BT mha S VIS THEMAE L 7. Cochran T AT Grubbs T ARV TRBREOHNLED
BEZLZEZA, R BRBREORBEEOILEREEIEE 4 RO 5 T | RREORBAMBIANE
CHEBIELE.

3 HITRERVERBREBE

ANEZRA LABRER LV EH L P, BREELOEHERFEZ (SD,), xS % HE2 (RSD,)
% (¥ HorRat ff (Ho,) W UMz 5 B B R O VE (R 28 (SDg) , ABXHEMEMR 22 (RSDg) X UV HorRat fE (Hop) &3
3 127”72, HorRat fEIXS 4T F O EOFMiE 3570 KAWL TEY, Ho, i3 RSD/RSD, (P) BT
Hog 2 RSDp/RSDg (P) iz Lbskab b5, #2038, RSD (P) XMW E B )5 Horwitz EERP Ic R,
RSD, (P) 1 Horwitz FiC Rk (112) 2R/ U TR 19 B H# R LR D SD;, RSD,, SDr &
TR RSDg i 0.08~0.25%, 0.3~1.5%, 0.30~0.59%K& T* 1.7~3.8%Th->7z. iz, Ho, K U Hog X 0.27~
1.05 BT 0.70~1.31 THY, Wihb 2 & T o Tz,

4. F&h

R2RBREITBWTSEMA (10 8) iR E S IREE AW TEY ABRE AVER P OB ABEOIERE
RBEERL, Ao EORMEIT~T. TOHE, SMNEREE (BEEREE) L 1.7~3.8%ThoT.
F7z, FOFEMIC VS HorRat 11 0.70~1.31ThHY, 28 TH-TWe, ZOZEdD, REBRERO LI
THASIEOEMBERBEIINE T 5 Thot.

BEic X BIESSE, BEUBESARTTESNTEY, ARBIBEHEVABSE AVBEF OKEEDA
B EICRVAZERTELR SR TAZLARINT. ZOIEdb, 2007 FEBEHE iR
MEOBEBREZT, ARREIIBESRBRIE (2008) WR#E I,
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F2 EVABREAVIER P OREEDABOLFRERERE (%)

" RGBSR L BARE AR 2 ORE S 3
A 32.36 32.64 17.48 17.19 7.52 7.83
B 34.40 34.89 18.60 18.51 8.39 8.85
C 34.07 34.11 17.95 18.06 7.45 746
D 33.42 33.54 17.91 17.93 8.12 8.10
E 33.82 34.01 18.07 18.03 7.69 7.73
F 33.21 32.53 17.72 17.74 8.01 7.80
G 32.99 33.21 17.76 17.68 8.00 8.01
H 33.88 33.39 17.85 17.70 7.96 7.93
I 33.46 33.46 17.87 17.93 8.1 8.15
] 33.74 33.44 18.15 18.05 8.18 8.16
K 33.40 33.87 18.05 18.10 8.07 8.03
L 33.67 33.89 17.92 18.03 8.08 8.08
B RIREEIEH 4 EIREEIEE 5 R ST
A 11.40 11.69 23.34 23.48 HITACHI U-2800
B 12.50 12.91 2523 25.10 SHIMADZU UV-mini1240
C 11.76 11.62 24.42 24.55 SHIMADZU UV-160A
D 1195 2 128 ? 24.08 24.06 SHIMADZU UV-160A
E 11.85 11.90 24.31 24.42 SHIMADZU ASC-5
F 11.39 11,70 23.58 23.68 SHIMADZU UV-2400PC
G 11.98 11.91 23.89 23.91 SHIMADZU UV-1200
H 11.83 11.87 23.84 23.78 HITACHI U-2000A
I 12.01 12.01 23.99 24.11 SHIMADZU UV-minil240
J 12.13 12.13 24.05 24.26 SHIMADZU UV-minil240
K 11.96 12.02 24.05 24.01 SHIMADZU UV-1600
L 11.92 11.96 4026 2 24.06 ? SHIMADZU UV-minil240

1) ERRBRICBNML - RRED I 5 B R
2) Cochran7 AMZLAANE

R3 HERBBROMBITER

R ;o owwE?  sp” - RSDY  Ho”  SDY RSDy’ Hog”
ot () (%) (o) %) (%}
WIREAIRE 1 12 33.56 0.25 0.7 0.63 0.59 1.8 1.02
R E AR 2 12 17.93 0.08 0.5 0.36 0.30 1.7 0.70
R E A IR 3 12 7.99 0.12 1.5 1.05 0.31 3.8 1.31
BIRE SRR 4 11 11.93 0.13 1.1 0.80 0.33 2.8 1.01
HIRE AL S 11 24.10 0.08 0.3 0.27 0.47 2.0 0.96

1) EHTIZ A IC R R E R

2) MEIHE (n=REREL-RVIELE(2)

3) BAEHEREE

4) BPHERHMEERZE
5) EWEELHorRatfE

6) ZERMELERE

7) ERHEXEERE
8) ZMIEHHorRatfE



HED AR ADIEEL P OABMEY A BRRE — S RIBERAE — 39

EFRBICTMATENE B TR AESHBER LS, RELERXESH, RELFETEKRKESHE,
MEEANE AR EDS, L AR O UEZE TERASHRIRTEOEMICHES
FKUET.

X ®

1) EEFE EH R, 8% 101 5, ¥k 174 6 A, p.91-93, IBEHRESFEEL (1995)

2) BAWOKES BRERBEFNFER BB orE (1992 40, BAEERERS, HE (1992)

3) ISO/IEC 17025: General requirements for the competence of testing and calibration laboratories. (1999)

4) FEFFH, HARM—, MEBEAR EVABREAVERROKBEVABRBIE —RBEAFEOHE—,
AEFHRRSE 8 4, 1, 25~33 (2008)

5) Horwitz, W.: Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure
& Appl. Chem., 67 (2), 331~343 (1995)

6) Thompson, M.. Wood, R.: The International Harmonized Protocol for the Proficiency Testing of
(Chemical) Analytical Laboratories, Pure & Appl. Chem., 65 (9), 2123~2144 (1993)

7) AGCAC OFFICIAL METHODS OF ANALYSIS Appendix D: Guidelines for Collaborative Study
Procedures To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL, Gaithersburg
(2000)

8) Thompson, M. : Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in relation

to fitness for purpose criteria in proficiency testing, dnalyst, 125, 385~386 (2000)

9) AOAC OFFICIAL METHODS OF ANALYSIS Appendix E: Laboratory Quality Assurance, AOAC
INTERNATIONAL, Gaithersburg (2000)

10) Horwitz, W., Kamps, L.R., Boyer, K.W.: Quality control. Quality assurance in the analysis of foods for
trace constituents, J. AQAC Int., 63 (6), 1344~1354 (1980)

11} Codex Alimentarius: “Recommendation for a checklist of information required to evaluate method of
anaylsis and submitted to the Codex Committee on Method of Analysis and Sampling for endorsement”,
Vol.13, p.129 (1994)

12) BMOKEHRESENTEL¥— (FAMIC)  IEEHERERE (2008)
<http://www.famic.go.jp/ffis/fert/bunseki/sub9_shiken2008. html>
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Determination of Water-Soluble Phosphoric Acid in Liquid Mixed Fertilizer Containing
Phosphonic Acid by Spectrophotometry: A Collaborative Study

Toshiaki HIROI* ‘¥, Masakazu SAIKI' and Kimie KATO'

' Food and Agricultural Materials Inspection Center, Sapporo Regional Center

2 (Now) Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

A collaborative study was performed to evaluate the method for determining water-soluble phosphoric
acid in liquid mixed fertilizer containing phosphonic acid or phoshonate by spectrophotometry. Fertilizer
was extracted with water. The extract was digested with aqua regia (nifric acid-hydrochloric acid (1+3)) to
oxidize phosphonic ion, after simple filtration. Water-soluble phosphoric acid was spectrophotometrically
determined using the color development with an ammonium vanadomolybdate reagent according to the
Official Method of Analysis of Fertilizers published in December 1992. Ten samples of commercial liquid
mixed fertilizer were sent to 12 collaborators. The samples were analyzed as blind duplicates. The standard
deviation (SD;) and the relative standard deviation (RSD;) for repeatability in analyses ranged from 0.08 to
0.25% and from 0.3 to 1.5%, respectively. The standard deviation (SDg) and the relative standard deviation
(RSDgR) for reproducibility in analyses ranged from 0.30 to 0.59% and from 1.7 to 3.8%, respectively. The -
HorRat values {(RSDy/predicted RSDy) ranged from 0.70 to 1.31. These resulis demonstrate that the
spectrophotometry has acceptable precisibn and is suitable for determination of water-soluble phosphoric
acid in liquid mixed fertilizer including phosphonic acid or phoshonate.

Key words  phosphonic acid, phosphorous acid, water-soluble phosphoric acid, liquid mixed fertilizer,
spectrophotometry, collaborative study

(Research Report of Fertilizer, 1, 34~40, 2008)
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4-1 FREBRHDOARIDL, $h, =y EU7O0LDBIE
— R RO R —

W R, st |, KB g e
=R ARIVL, 8, Sk, 2us, EIRIEE, B

1. FL&HIC

FFABROEB{LOERELHERLLT, PRk I ECEERBERREYSN, BRIEHSHED
BESETHBENOHL—MORBKIEEE2 T EEHCBITSE, HEFRME~DR HILBMKE
REOBBEHEOMFLLU. ZhICED, BRoOREEEZRETIE A0, FRIEESOBRE NN
LTRY, E£REORERELEMLTWA.

B, A (B HTiE 1992 /) 2 Cik, BRIBBSFEDAEF T2EBTOINIVL, #7, =
Vv, JRLAOGERICAVARBIEORBICL, KL% - MR CHBTIFEREHS TS, 20
fit, EARTHRVELLMETIHERUHEB - RERB TR T FEAERINTHER, 7obh0RIE
I3 A T &R, BB ORE OB AP REREORK — LESHIEZ SV TREDBHETH
2.
PHLIZISHERIESPOESBORESHIEY T, TAEREVOESRBESEAEONMIL, T
RICEB MBI REL CHABLENTWD. 22T, BRIESHIYWT, Z20RBHEEOESHEIR
{LU7ct%, EXRICIDMBLHEEITV, TORBEBEMATESREYER T EEREL, &F BT
IBHED LUBEIT o, BICRLEOBBEERL-OT, ZOHMEBELHETA.

2. MPRUAE

1) BHOEDRRTHER

FELTWBIFRES 34 R (FRAREEE 17 &, LRBERIEE 7 &, TABRIEE | &, EREE
FERE 8 R, TEEBRIEH 1 ) 2HBALUCNEL, AEEICEE L. RBRAE 65CT 24 BB
L, BB 500 pm O 530 2ETAIDHBRL COTARE2HEL, RRICHLE.

2) BEERUSBA

(1) RFREDHTERE: BUNAT7/nP—X8 2-5010 F R —< BE-rRELER
(2) BRUF: y~rREH FO610

(3) Wis

PESLITEE A BAVKERR R AT A — R F v s — KIRE ST
(R BHAELSRERERHERL SN
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3 RE

(1) ARIT A, §8, =or VRO aLERENE: Merck BUURFID AEHEE (1 mg/mL, JCSS), FAtE HERE
{1 mg/mL, JCSS), =7 VAEHER (1 mg/mL, JCSS) K /o MEHER (1 mg/mL, JCSS) B NEF DK
RS LCHWE, SEREEYERAL, HER(1+23) TERLTE SN (0.05~0.5 mg Cd/mL, 0.5
~5 mg Pb, Ni, Cr/mL) 25817,

() HEE (& E 35%) ROEEE (B 60%) iXRBE I ARELH V.

ﬁﬁlg

4) BHBROHRHE

SrHTEEL 5,00 g B —H—100~200 mLITIE0ED, BRIFICAR, ERERRLIETR250C
THIELU%, BIZH 450°CT 8~16 BERIMBAL TRLEE7, Bn, BEEW 5 mL (R4{b — FBE 55 fif
W PE SR BUL VIR 30 mE R CREERRY 10 mL Rk — FEok ARk S BB B A, Bb i L CIm#Ek
LTHREL, BITMBEET TR L A SRR, Hmtk, BEE (1+5) 79 25~50 mL %4> 4 12
%, MBALTHE L. Bnt, IBERE K CER77A2 100~200 mL B L, BITERETKEMR,
A3 TARUTHREBERE L.

I ottt 500g | b—2—H—100~200 mL
|

- Fasoh

Rk RpIE

FK}% 450°C THAZE
I Fey | =B

|_
[ By | PEOAUAMKTREEET

8@ %9 30 mL
—fEER %9 10mL

| iR | BEITEV. S

i ﬂﬁlﬁﬁ | RRtIETHL, BOBRE

L ﬁk’?% | =&
—¥EEE(1+5) 25~50 mL

| T, | EEEFILCE, B

I fﬁzgrf% | =&

{ @Liim,e | 2E7Zx2100~200 mL~BLiALr
7K (R ET)

E 218 | TSR

I fﬁ'ﬂ;ﬁ |

K1 {BRIEETR ORIV A, 8 =y, Z7nsRERIREFIE
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5) AFSOL, 88, oL BEURYOLORE

HEBEE EREYEFRAESITEBICEAL, IRIYA, §, =vsr LR bilonTEE
228.8, 283.3, 232.0 KR! 3593 nm OEBEFEFZREL, SHREPOETNEFHOESEBOBELRD
7.

3. BRBIUEER

1) BHBEOHESEMOLER

RAL— B O ER ORI — ERSBIEOR NI FEIZIHERIER G4 RAIFOEESBORE
EOEER 2-1~2-4 [TRLEZ.

ARV LOREEO—RERAOERGEEE TR 1.022 RU-0.029 Th-o7e. £OFBEKE (0
L 0.988 THY, mW RN L.

OB TEAE O R ENE S OEUR R E R OWIF 1T 1.034 B 1-0.077 Thote., T OFBREAFHAE (r) X 0.998
THY, WEORBREE I -],

=y OREEO—REUGROBEIRBRER CEI A T 1.344 R U-3.817 Th-Te. £OFBERE ()
0.955 THY, Kb~ FHEE S MIEICIDMEME IR — EASBEORLBFECISBEBOFHE
ApBEEMAE R LY. 1T, BERIERIEE (8 A) W, 0 mANEE ThHY, KL~k o LIl
TR — FER SR ORI EMS 2 fE2L LRI Rb o7, 72k, BEIFREHORBHEER
T, A=y A OMEBOREZE 3-1 RUE FOREEO— KRB ORRFRIE G A
1.140 B TR-2.270 Th-ofo. TOMBERE () I1X 0988 THY, BOEENRDLE.

2 LOPEHEO—REFROEIREE R GBI R 1T 1.793 R18-14.228 Thoto. FOMBERE ik
0.868 ThY, KL —HEE S IREI LABEMEIVIKAL ~ EARSHEORNEFIEICIDMEROT 1 E
LIpAHRETR LT, BRI, BERRIEIRIBEH(S ) IV, TOMEMMEE THY, P L OB TR
TR — R S RREOREER 2 HU ERRUE. 25, SEFRESORBREZIROT,
BHE =y 7 A OREE O AR 3-2 10K U, F O E O — Wk BUE o BUSHR EUR O A 1520.997
B 0372 Thofo., EOMBEREK (1) X 0975 THY, HEREDLIE.

2 R OBERIB RIEEE AWT, [R{E— BSOS BRTMES 5~20 mL SEBREENCE 2 THTL
By VRO abOR ERE R CRE —ERSGAEEORBIEEEZE 1 1AL, BEER 5~15 mL
MB TR VR0 ORI EMBITEMERERL, FE3ED S mL BN TR HBEOMBEOBNR
+43ThAHEE LN, LpbLaRs, EE 15 BN 20 mL HINE T, =y AR/ L0R EEIEE
Hb$, A THHLE LR ZEICE AT TIBIEVME Thole. JRIGABEB U4 HRIEL, EHEEY
EEDIEENCELEFETHS, LLadh, HE CABIABERBRIEEHCEEEDEE £V
b, RIGMBLU=oBEORARELHEZE 2N, 20k, BERGRBEHIEREEE OS85
BEBEBLEFRBWEE R, £BOBRFILERA3HZLELE.
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80 < Aecve & < A 1A “mam i i s s <F 1 e -ems s b < e W.,."..«m..m..:T.
.| ,
~ it -
= 4 & %‘; 60
h E
i% 3 & 40
x M
2 ..
Hﬁ W
= NI 1.030x - 0.077
o1 =~ 1,022x - 0.029 bV, yo A - B
y . X * ;:'-S =
r= 0,988 r=0.998
0 I : 1 ' 0 L 1
0 1 2 3 4 5 0 20 40 60 80
FRAL —HHBR 43 AR (mg/kg) FRAC — Ry B 4y B (mg/kg)
5 2-1 Wét—ﬁlﬁ@*&ﬁﬁ}%’:&(ﬁm’fbwf%%% & 2-2 Rk —FEEE i K UK AL — E A5y i
ICEADREIT AORIEE O R LB ORI MO i
120 F o e i o
P00 t o
2 3
= 80 r - Eso
ik Rak
& 60 F &
% L 2 100
Ho40 | f P;~%
| d :
S { P
v y=134x-3817 | g 0 y=1.793x - 14,228
r=0.955 i r= (3,868
0 k3 E 4 0 A . \ , ,

0 20 40 60 80 100 120
FRAL — RSB 5 8 (mg/ke)

B 2-3 [RAL—iHER S MR R UK (b — E AR AF

A=A VOB EE D s

0 50 100 150 200
IRAL — B 5 #% (mg/ke)

Bd 2-4 JRAL — BEER 73 MR B OVUR fb — TE oK 43 fig
LB LD EE OB
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50
¢ ) €,
60
40 |
:éj 30 \%j 4 L
i
%’% 20 ‘ iﬁé
¥ | ¥
i ; H 20
Lo y = L.140x - 2.270 | 4 v = 0.997x + 0.372
X . r=0988 | K ‘ r=10.975
0 L ' i ‘f 0 * . 1
0 10 20 30 40 50 0 20 40 60
TR AL —~ RSB 45 % (ma/kg) RAL — n§ k4 B (mg/ke)
3-1 RAL—FHER o ff R ONRAL — R X 3-2 FRAb—BBR 4y AR B UNRAL — K o i
CEAEREREE RS D X AERIGRIEE Z By a Lo
i 2B 0O b HEE OB
$1 BEREIBIRIREIO AL T I AR EE IR M B O EIT LA
Sy OO oV EEE ruabiEBEiE
BEEUE {mg/kg) {mg/kg)
BERLTH TR TR SmL 69.6 58.2
FHER 10mL 73.4 66.1
fHEE 15mL 79.0 72.3
FHES 20mL 79.1 75.4
EK 40 mL 111.1 123.4
BERLIBIE2 FHEE SmL 35.4 24.3
FHTR 10mL 43.3 27.5
AHBE 15mL 48.5 31.6
R 20mL 453 29.9
EK 40 mL 56.0 43.8

2) e EER R E

IETESEEEACE (5 A), TEBRIER (1 SIS, BRIEBOAEREIIBILIEFEHINLFTERY
OB ARED (HRITLELT 0.0005% (5 mg/kg), $8&1LT 0.01% (100 mg/kg), =y AL 0.03% (300
mg/kg), 75L& T 0.05% (500 mg/ke) yREMUAERE (LUF #HSERSERMUZEE LG, 20
1710 #8848 (UFI7 AL T 0.00005% (0.5 mg/ke), $8&LTC 0.001% (10 mg/kg), =72 T 0.003%
(30 mg/kg), Z7E.A521LT 0.005% (50 mg/kg) ) FWEMUILEE (LT HHMED 1/10 Y EHRMUIZERED
WG, RAE~EREIEIC LY, RDIRL 3 B L TRLNZEGRRFE RE R 2 ITRLE.

R [EIR SR K OB AR R R 22T, BMEERR Y BB Gl PR AT 97.5~99.2% K U 0.3
~1.9%, #TIX 99.1~100.6% K TV 03~1.4%, =7/ Tid 98.5~1003% K T 1.3~3.3%, Z7abLTid
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97.5~100.0% K& T} 0.6~2.7%THY, HEED /10 Y BIFRMURE CEAFIY LTI 96.7~99.7%
B 1.1~2.5%, 7T 97.5~99.6% K Tf 0.4~3.0%, =7 Tl 97.1~99.9% & U 2.1~9.4%, Z/md
Th 95.9~101.9% KR T 1.0~6.7% Ch-o7z. ‘

PLEDZERD, SFEMAYERCRAMED 1/10 MY ERMLUZRBHCBIZERERBRIZB VT, W
FTHbRIFRERS EYEINE) R ORDIELURE R EERZE) NELIL.

32 UTINIE] R ER AR

HIEsRE:  (BRREEE  SREE O SERE  BREESR O LE5RE
REREA B JERC AEED AERE Rk

BIERSY HOONEE  Mean” Mean Mean Mean Mean Mean
(mg/kg)  (RSD?) (RSD) (RSD) (RSD) (RSD) (RSD)

HRITL 5 992 98.6 98.0 98.5 98.5 97.5
(0.8) (0.3) (1.9) (0.7) (0.5) (1.9)

0.5 99.7 97.9 98.3 98.0 98.4 96.7

(2.3) (1.7 (2.2) (1.1) (2.2) (2.5)

i 100 100.4 100.1 100.0 100.6 99.1 99.9
(1.4) (0.3) (0.8) (1.3) (1.2) (1.4)

10 99.2 97.5 99.6 98.3 99.3 98.8

(0.4) (3.0) (1.8) (0.6) (2.1) (0.4)

=y 300 99.4 100.3 100.3 99.5 98.5 99.4
(3.3) (1.3) (2.1 2.8} {2.0) (1.6)

30 97.1 99.9 98.4 98.0 97.9 97.5

(3.3) (9.4) (3.4) 2.7 (2.1) 2.1

ety 500 100.0 99.0 98.6 98.8 97.5 97.7
Q.7 (1.6) (1.5) (2.4) (2.2) (0.6)

50 98.1 101.9 959 . 969 96.8 97.0

(2.9) (6.7 {(1.8) (1.0 (1.1) (2.3)

1) 3RGHTOFERED FHEINE (%)
2) FERPIRHERZE (%)

3) EETROER .,

BIRFBEICE, URERIEE R T EERIEEICOWT, KIb—EASHIEICIVEVIEL 7 BIOH
LTHRLI - ER TROBEREREREE 3 IWRLE.

HEIY LOFHEEMITENFI 0.126, 0.222 KX 0,109 mgkg THY, FOEEREZEFNEH
0.008, 0.007 & TF 0.009 mg/kg ThH-olr. BE TRITFEEREIC 10 2R/UTROLNDEILNG, THLEN
0.08, 0.07 B U} 0.09 mg/kg &72Y, KIEOEBETIBIX 0.1 mgkg BELHESR, i, B TR (B
R ZE) x2xt(0-1,0.05) LLTRENDY O C, FNE1 003, 0.03 R UV0.04 mg/kg L7220, REOKR T TR
I% 0.05 mg/kg REL#EEIN:.

SROEHBEMITF NN 1,133, 1.324 B 0.909 mgkg THY, ZTOEERZEITITHFI 0.082,
0.079 BT} 0.077 mg/kg ThoTo, THRENIZ 10 XRUDHE 0.82, 0.79 BT 0.77 mglke &Y, RIEOFER
TEEIX 1.0 mg/kg ELHEEEIN. F, FRFNIT 2xt(n-1,0.05) 2R LD L 0.32, 0.31 KT 0.30 mgkg
ERRN, REOKRH TR 0.5 mg/kg BELHEFINE.
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= A OEHRIFEEIT TSN 1,883, 2,511 BT 1354 mglkg THY, ZOEBREEILLTH
0.094, 0.097 &} 0.086 mg/kg Th-oto. THENIT 10 2R/ UEDL 0.94, 0.97 BT 0.86 mgkg L7220, ik
OEETIRIZ 1.0 mgkg BESHEI. £, £H-F1IZ 2xt(n-1,0.05) £FL5L 0.37, 0.38 RTr0.33
meg/kg 2720, RIEOWHHE TRIZ 0.5 mg/kg BE LHEINE.

s NGB EEILFIEH2.646, 3.381 BT 1.303 mg/kg THY, TOEIERFEITZFNFN0.099,

0.095 R T} 0.083 mg/kg BRE Choto, TRENRIZ 10ERLAHL 099, 095 KU 0.83 mgkg 2720, KIED
EE TR 1.0 mg/kg LHEESN. $0, FRENI 2xt{n-1,0.05) 2 F LA L 0.38, 0.37 BT 0.32 mgrkg

L0, AEOBRETIRIZ 0.5 mg/kg BELEFESNE.

*3 EETRERMRBROER

wFE EROEE  TwERED EREE FETRoOHE” RETROHEY
(mgrkg) (mg/kg) (mg/kg) (mg/kg)
AFIT L {BIRFREEER 0.126 0.008 0.08 0.03
LERTBTEIEE 0.222 0.007 0.07 0.03
TEEIHTEIRE 0.109 0.009 0.09 0.04
én 1HIeFREZIE R 1,133 0.082 0.82 0.32
UR{B TR 1.324 0.079 0.79 0.31
TEEIHRALE 0.909 0.077 0.77 0.30
=i (HIESEEEIEE 1.883 0.094 0.94 0.37
URRIGIEAER 2,511 0.097 0.97 0.38
T BT 1.354 0.086 0.86 0.33
ZA=NN TR FREEIR R 2.646 0.099 0.99 0.38
LIRTGTRRERE 3.381 0.095 0.95 0.37
TEIGIERLE 1.303 0.083 0.83 0.32
D) TRHT AR
2) {EYERZE<10
3) EHERFEx2xt(n-1,0.05)
F4 EEROZEHEAR
RO & =y 7w
(0.3 mg/L) ¥ (2 mg/L) (3 mg/L) (4 mg/L)
REFHE  MEE  ze? B EfE Py BEE Ee HEE i
(mg/L) (%) (mg/L) (%) (mg/L) (%) {mg/L) (%}
14 R 0,298 99 1.97 99 2.99 100 411 103
2 R 0.302 101 1.99 160 2.96 99 3.99 100
37 H 0.299 100 1.96 98 3.01 100 4.04 101
44 A 0.299 100 1.94 97 3.00 100 4.03 101
57 H 0.297 99 2.01 100 2.96 99 4.03 101
64 H 0.296 99 2.01 100 2.99 100 4,08 102
1) FEEUBRE
2) PRRL-BECHTAIEEORE
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4) BEROREM

={E QSCLUT) TRE LRIV LEEER (0.3 mg/L), SAEMEREQ mg/L), =7 A EHEK (3 mg/L),
I ARYER (4 mg/LY D | BEORBEER 4 1R, £ BIUF ILEBEERE» OB LR
BHRABREEIVERLCREREPA VTS EBBEORERZEL, BMU-BEICHT3HERED
A O EEHLE, 2oORE, EBEEROBMEREOE AT 97~103%Thole. ZOZEND, WIh
OFBEEIR IRV CHIEES (1+23) THIRL, BE QSCUTUREE LSS, 6 »ABEETHAZLNTA
HHIL,

4 F&H

IRA — ER Rk (BRIE) AW TR LI B B L IR (b — FEBE 4 iR s (el i) T LB IR IR (34
BYRDIRITL, =i, JubBURERELL. BORAEERLELELIS, BERIBREEE
BRERIEEIC B W CR T EERIC A ORI NS, BERBRIER POy VR O asiL, 1
FETRHEBBEICHELUTRNBIEEELR U

TETRBBEIEEL (5 A) B OVDEBRIEE (1 801, DRIVL, 88, =vi b, 7usOEEER Y 2415
MUT-RE R OYRRE D /10 0 8 B2 RMU 30 Bl V(S B EBIC LV RN B R 2 B L s 25,
S EUE R O OB IERER, YFITL T 96.7~99.7% K 00.3~2.5%, S8 TH 97.5~100.6% &}
0.3~3.0%, =7V T 97.1~1003% B F 1.3~9.4%, 7T 95.9~101.9% & T 0.6~6.7%& T
NHRFLREE ThHoT. BBIKICLY 3 BEHOBRBRAEL IR 7 AT oL TELNBE
EOBEREIVERLELIA, REOERE TREITAIFIZATIRO0.1 mgke, $7, =y, 70T
mg'kg LHEE XN, oS, IR QSTCUT) TRE LA R AR (0.3 mg/l), SRR (2 mg/L),
=y VIR QG me/l), Z7usBHIE (4 mng/L) ik 6 » AEEETHAIZLNRLLN.

VL EDOFERDD, BBER, RBELLIRBRENOZ YEPRABSH, BRSO ELASORELS
bNAHZENFERINT.

W

TOBROEMICEB W TIREEXE UM 3 A SR BRSSP RO K B sk K IR
WELET,

X #

1) BRI EgEE e EERR 1147 B 28 RIBEE 111 5 (1999)

2) BMKES BERERTTFRR: BSOS, p72~118, BREERERS, HR (1992)

3) hERER, B ER BREMIEBLERERE 252 SIEREMPOEBLRODEERE,
p.2~43 BARKER BRI SRR EHE SR (1983)

4) REEK RIFRERAKRER EWEHEESHE~=—=T7VOKE, BE, KEEW), ps-11
(2008)
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Validation of Atomic Absorption Spectrometry for Determination of Cadmium, Lead,
Nickel and Chromium in Sludge Fertilizer

Yoshinari SAKAKIBARA!, Manabu MATSUZAKI! and Tadao AMANOM®

' Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office
? (Now) Ministry of Agriculture, Forestry and Fisheries, Tokai Agricultural Administration Office, Food
Safety and Consumer Affairs Department

We developed and validated a method using atomic absorption spectrometry for determination of
cadmium, lead, nickel and chromium in sludge fertilizer. The sample was ashed in a furnace at 450°C. The
ash was digested with hydrochloric acid —nitric acid (3+1). After the excess acid was evaporated, the residue
was dissolved with diluted hydrochloric acid to prepare sample solution. Cadmium, lead, nickel and
chromium were measured by an atomic absorption spectrometer at the wavelengths of 228.8, 283.3, 232.0
and 359.3 nm, respectively. The results obtained by procedure digested with hydrochloric acid —nitric acid
(3+1) agreed with those obtained by procedure digested with nitric acid except nickel and chromium in
calcined sludge fertilizer. The accuracy and the precision were assessed from 3 replicate determinations of 6
samples spiked with cadmium, lead, nickel and chromium at 2 different concentrations (maximum allowable
level and 1/10 of MAL). The recoveries and relative standard deviations (RSD) ranged from 95.9 to 101.9%
and from 0.3 to 9.4%, respectively. On the basis of 7 replicate measurements of 3 naturally contaminated
samples, the LOQ values were 0.1 mg/kg for cadmium and 1 mg/kg for lead, nickel and chromium. Those
results indicated that the method we developed was valid for the determination of heavy metals in sludge
fertilizer.

Key words  cadmium, lead, nickel, chromium, sludge fertilizer, digestion, atomic spectrometry

(Research Report of Fertilizer, 1, 41~49, 2008)
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4-2 FBREIEHPDAREVL, o, =7 LRUZALOMTE
— 3£ FI B —

M B |, i !
F—J—F  ARIVL, 8, =uhv, Zus, BRIER, EFRIOLER, HERR

1 IFEHIC

R 11 47 B OEREHEHEY OB EIC LY, SRIEBSEEDELSLETIOGH S — WO EE 4
HEERHLEBIERA~BITL, ABRBY BV TEEOHSNIEERS ORRKERZED, RERE
OBIIEB P EONDILLRHT. ZOZLIZEY, BHORBERRLL, TOAERES| bR & RO
FRIZHAT720, BRIEBTOESRE (IFIVL, 8, =y /AR U7as) OREITLIVEE LRI EIL
AipoTr.

FBREE RONFIVA, ), =y LR OB OBEOREL O, K ULE EK TmEs 5808
BIEOFBE SEBRNICLA2BESBRBIEICOWT, ATE (RS AT 1992 E41) > ¥ L0 LR,
BORELMERER, EETIROBESO ISOMEC 17025 CERENTWIRBENOZ YR ORRY
ERL, METDORREPBONLY. BRCEEEOEREE CHARBRAT MO LERERIZ- 2T, ITUPAC
OFFRB oD ESECERIER P OIRIT L, ), 2RO sORBRIEOERRBRYE
L, RREMOFHABELFELLOT, TOMELHRETS.

2. MHRUAE

1 RO, ANE

TR T ARG IR 2 $547, 15 R FEBEAREL 3 4847 (BF 5 881R) AR B LU QUL , AREICREL
T, TNENFRGE 65°CT 24 B EEL, BB 500 pm OS5V EEBT3I000mEL, IKEBAL
fo. WAEINEREHY 2 g2 =— A RIZARN, B—h— L LTHITFHBR L. — X077/ FERE
FRMETED, ThENOBREROST AREBOERIC 2 RAOESOTFN2Mid7. o AR
#(10 ) ESMEBREICRFLE.

2) &g
A RS WS Ry L — e .
HAEASFEBRECEEFPIERBRBICHEBIN COWAEBELFEHLE.

3) HMHBHEOHAM
SRR 5.00 g B —A—100~200 mL 2&0, BEIPTHEROMNOMAL TR{LEE-8E,

USTATEOIR A BHOKENR R 2 BN L - - KRE AT
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450 CTHRBLUTR/LS Y, M, PEOKTCEEYEEL, 1EE 30 mL X CHEEE 10 mL 02 T
FILTEY, Sy L~ OIS E TG RELR. SIS T LD, LA THL, BBEIgLAL
MBI, Mimtk, IBER (1+5) 25~50 mL 2B EBYICMA, b—A Y —I—% R ICEY, 0o
BUTEN L. BBHE, KTEB77A2100~200mL T L, BRI CKREML, AH3ETAHAL, &
BRI EUT.

7k, BREHREORMICZETY, BOrAY——2 AV TREBROBEERENL, ERBRIAEL AR
Lz, (1)

[ #5000 | At —b— 100~200mL

" B
e Rl
AL, 450°C THABL
!
I Tk | =1
[T | pEo ik eRemT

«iEEE 30 mL
—RHES 9 10 mL

I piliEa | IR, S
I

l il | EREtmAETLL, BOBE
l

| J 8k | =g
—HE B (1+5) 25~50mL

| AR | BEEFILCE . R
| _

I i | =R
I

l BLAL | &85 23 100~200 mL~FLiAtr
7K GERET)

| A | AHBE

| HIE I

M1 BREEROHIRIV A, o, =y, 7o AR ERERIEFIE

4) AFEOL, 8B T LRV IRLOHRIE

ARIT A, @, =y A, JRAOBIEICHI>TE, ERBREORTRADHEBOBIEFEICHE-
o,
Bk, BB EFRESTER (Z-5010) %V ESEGOREO—fERIIR L. H]R
(1423) TR LR BHETR Y, BR-~TEFLU 7L —AREEL, FBIROHFITL(EE 228.8 nm),
fo (& 217.0 XiZnm283.3 nm), =v i/ (R 232.0 nm), 7024 (8 357.9 om 30 359.3 nm) OF
WS EARIE L.
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5) MEMORRE
TUPAC/ISO/AOAC OFRERBR 7 nband OBE R, & RIOSHBERENLENER 10
AR, KEEHI 0% 2 ROHTT3) ~4) 1T TP L.

6) HEHER

Ko 12 MEREIZIBUWNT, MU 10 BEE 3) ~4) Icft o CHRERBE EM L.

« RS IRER

- BEREHIV SR E—

- HREHV AR

- NERETERASH

- BRSHBHREEHFEF—

- BARRPHASH

< WAITBEABRWKERBREZREN v-7— REBEABZERER, LRt 5—, k¥
—, &HEBEE—, P - REEBHRRCER & —
(50 FE)

3 BREUSBE

1) *ERBRRARSOMESREE

Y EPERBR O AR R UMRVIEL 2 [B] X 10 BB O — B B I LA 0O HLBON M EEZR 1 1
AL WEPROBEBHIBW TS, FEM F(9,10;0.05) 2 TEIIEND, HEKE 5%ITBWTEERIC
HELRZBEROON o7 B, BB OMHEERZEIL 03~28%THY, £ TOoH HUR %
FRBRICANWAILR T HEEH L TNBI LR LE.

2) AERBEERUANERE

FERBELOBESNIERBRBREELYR 2R, £RFIOSHRBORBRIE % IUPAC IR
B ubha "t IR S CHREHRE L. BRBRAE O N ERRE T A0 Cochran 7 AR 1 Grubbs
FRMERMLIEZS, ARV AIZROTIE 12 RBRBORBEBEOIL TAREREE a T2 RB&=E, T
ARIGIERER b C23RE, HIRBEIEH o C2HRE, FRABIES b © 1 BRER CVSRARER
¢ T2 BBREORBMB/AIELHIIESE. SRICEVTT 12 RBREORBREE DS TABRER
a T2RBRE, TABIEIEE b T 1 BRBRE, BIRAEIER a T2RBE, (SIREEIEE b T2RBRER
B REEIER ¢ © 1 RBEORREENAELHEIEN, =0 L izBn il 12 BB EOBEBRRK
OO LTRBERIES a T 1 RBRE, TABREE b CT1 RS, BFREEIES . T RBRERUIEE
REEEHS b €1 RREBORBRBESANVELERIENZ, ZniicB 0Tl 12 RBREORRBAEOYS
THIREEEIE o C | RBZEORBRAESA E L BISHT.

B, BEORD, ERREBCHERBRICFEHLERFEASHHRBOA DB EE 3 ITRL
7.
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#1 HEMHSERROEE

B~ 1} E 2

miERs  wes  DOCEID RENREEET gy g
ARIT L T AIB PRI Bra 1.51 2.4 1.33 3.02
TR TEIERD 3.45 0.6 0.38 3.02
ISVEREEE R 1.88 1.9 2.08 3.02
THVEFBEREELD 3.9] 0.9 1.91 3.02
THIEREERE R 1.80 0.5 0.90 3,02
#h FARIGIEA S 24.4 1.4 2.00 3.02
TG TRAEHD 28.7 1.7 2.01 3.02
15 IR B ARl 19.3 0.9 1.75 3.02
EIERERIEED 23.7 1.2 2.16 3.02
TS IEAEE AR B 89.4 0.5 1.30 3.02
i TAIE TR 55.5 0.9 2.38 3.02
TFABIEERD 21.3 1.8 1.08 3.02
TGRS BENE e 29.6 0.3 0.38 3.02
TGRS BEAEAED 29,2 0.8 1.61 3.02
JEIERBEIE S 582 0.9 1,13 3.02
Z4=¥ TAIGIEREEra 30.6 1.1 0.83 3.02
ToKIE TS 23.4 1.9 0.58 3.02
TSV RBERE Bla 37.8 0.9 0.47 3.02
{HIEZEBEAR S 31.4 1.2 0.77 3.02
G RBEAL L 86.4 2.8 2.35 3.02

1) 0RAFR KT AT OREHE &M
2) REROEMEERE

3) —rAEOTEI IR SR
4) F(9,10;0.05)

3 HTRERVCENBEREBE

ANEEZBRALCRBREEIVEHLETYE, ERBELOKE GBXHEERFZ RSD)) kUE0
HorRat & (Ho,) I UM SR ER RS BE (R AR 28R 22 (RSDr) ) B2 UV @ HorRat & (Hog) 23 4 IZ7R LT,
HorRat fHIZm 7 HFIEORKE QML T 50 WHRTEY, Ho, 1L RSD/RSD, (P) & U8 Hog 12
RSDy/RSDg (P) iz kWK BIA. 723, RSDy (P) I EHEEEN D Horwitz #'P LRk, RSD, (P) ik
Horwitz TR IR (5/8) BR U TR /2012,

HAAUEZ BRI LIRS AOTRERAE O RSD, & U RSDg 13 1.0~ 5.5% K U8 3.2~6.4% TCb-ole. %,
RSD, % U RSDg OFEMIZAID Ho, Te U8 Hop 13 0.11~0.59 B TF 0.25~0.42 THY, Wihd 2 BLTTh
AR RBRA LT gr O REREE £ RSD, R U RSDg i 1.3~4.6% & W 3.9~7.0% Ch-To. Fiz,
RSD, K O RSDy OFEAHIZA VA Ho, B TF Hog 1 0.26~0.74 K O 0.40~0.70 THY, WThb 2 LT TH
<7 AIAEERA U= L ORBRE RO RSD, B UV RSDR T 1.1~22% K TF 3.9~6.4% TH-oTr.
¥z, RSD, B TF RSDp OFFHIZH 5 Ho, & U Hog # 0.19~0.35 & U0 0.39~0.66 THY, \Wihb 2 BL
T CHomi?. ANEERA Lo bOBRBREEEO RSD, R U RSDR 1 2.1 ~6.4% K (X 11.0~18.7%TH
oTe. Ffz, RSD, B O RSDr DFEAMIZ VYD Ho BT Hog # 0.37~1.24 BT 1.20~1.92 THY, WThb
2 BUFTdhofz®,
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%21 FHRIEEHOBFIY AOLFERE S (mg/kg)

RER Y TAGHIENE R FARGREED BB IR a
A 1.59 1.56 3.50 3.47 2.02 1.99
B 1.31 1.65 139 ¥ 143 ¥ 2.04 2.02
C 160 1.05 2 3.15 3.08 1.58 ¥ 147 3
D 1.41 1.45 3.29 3.30 1.81 1.81
E 1.59 1.53 3.51 3.53 1.97 1.98
F 1.18 ¥ 1.03 ¥ 3.01 2 3.30 2 149 2 1.78 2
G 1.47 1.45 3.31 3.31 1.91 1.91
H 1.40 1.41 3.31 3.20 1.91 1.85
1 1.42 1.48 © 318 3.23 2.13 2.11
J 1.48 1.50 3.36 332 1.96 1.92
K 1.49 1.54 3.54 3.54 1.97 1,95
L 1.70 1.61 343 3.34 2.00 2.01

FERE 15 IEFBERELLD 1HUEFEEENE e
A 3.81 4.02 1.78 1.99
B 3,99 3.94 1.86 1.85
C 3.64 3.75 134 9 140
D 3,69 3.67 1.69 1.66
E 3.84 3.92 1.83 1.98
F 3.68 ¥ 310 ¥ 130 ¥ 1.50 ¥
G 3.72 3.69 1.74 1.74
H 3.71 3.73 1.72 1.68
1 3.65 3.86 1.79 1.89
J 3.77 3.80 1.79 1.78
K 3.91 3.89 1.81 1.81
L 3.93 3.99 1.81 1.82

1) XERBRICEMLAFRBREOTRE (ERRF)
2} CochranF AL A4 UE
3) GrubbsTARCLAANAE

2.2 IHIRIEEHH OO LT RER R -~ {mg/kg)

Ripz’) - TGRS TARETRIEED 1B R RBEAEEla

A 25.9 25.8 30.7 29.8 18.9 19.4

B 24.7 25.3 29.3 28.9 19.3 19.2

C 25.6 24.9 27.9 29.0 18.7 18.1

D 234 ¥ 215 ¥ 28.5 26.4 16.4 18.6

E 23.8 25.8 30.3 31.1 19.1 20.2

F 23.5 27.5 28.4 306 164 2 19.8 ¥

G 24.7 24.3 29.1 29.4 18.7 18.4

H 25.0 25.8 29.7 29.0 19.1 18.9

I 27.2 25.1 29.0 32.6 236 ¥ 226 %

] 24.0 24.8 28.8 28.5 19.0 187

K 25.4 25.4 30.3 20.9 18.9 19.1

L 22.8 ¥ 212 3 243 ¥ 240 ¥ 17.1 16.8
MELD) ~3) 1332- 1% 5 R
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F22-2 {BIEALEE P OEr D R BRI (i) (mg/kg)

HEpeE 0 (HIREECHD VHIERRERIE e

A 22.4 22.7 87.2 87.9

B 22.5 22.1 95.0 95.0

C 21.9 22.5 89.8 87.4

D 20.7 22.0 81.8 83.3

E 23.1 22.3 86.8 89,9

F 231 18.1 2 84.7 86.1

G 21.3 21.1 85.7 84,2

H 22.8 23.0 83.8 82.4

I 254 ¥ 254 % 87.4 87.0

J 21.7 22.2 86.1 87.3

K 22.8 22.6 84.0 85.7

L 19.1 18.9 748 ¥ 732 %
B ~3) ixE2-14 5 W

F22-3 {GIRRERLF O =L LR RABR AR (mg/kg)

shEra? TRTETEAE B TAIETREED 1HIeFREEE

A 57.8 56.7 21.8 22.8 29.9 29.0

B 60.9 62.2 23.4 22.9 32.2 31.7

C 59.2 60.2 21.9 22.2 20.1 20.8

D 57.5 57.9 223 22.2 29.5 29.3

E 56.2 55,7 21.1 21.7 29.1 28.2

F 53.2 53.2 15.1 2 185 2 24.5 24.7

G 53.1 53.2 20.1 20.4 28.2 27.5

H 57.3 56.0 21.7 21.6 27.4 27.6

I 54.8 54.9 20.1 21.3 29.9 30.0

J 57.0 58.2 21.7 21.7 295 29.3

K 58.5 57.8 22.0 21.6 29.4 29.6

L 575 2 60.9 % 22.7 21.4 259 2 28.6 2
e TS VESEEEIEED TEIEHBER Bl

A 29.0 28.7 58.8 58.0

B .30.4 31.7 62.7 63.5

C 28.4 29.1 60.7 60.2

D 27.7 27.8 59.9 60.3

E 28.5 27.8 58.0 57.5

F 24.0 ¥ 24 ¥ 53.3 51.9

G 26.6 26.5 56.1 59.6

H 27.1 27.6 57.0 56.4

I 29.0 29.3 57.4 58.6

J 203 28.9 59.8 58.1

K 292 28.9 58.1 57.6

L 26.9 28.5 57.2 56.8

MED) ~3)133R2-12 88
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F22-4 TEIRIEEIRO 71 b 3 R BUER R {mg/kg)
ahERED FAKIBIEAE R TATSTRARE b IR
A 38.7 36.4 30.9 29,3 43.0 44,0
B 34.8 34.7 31.5 27.4 409 2 350 2
C 443 38.1 32.0 33.2 44.5 46.1
D 30.5 32.6 25.9 273 40.4 40.2
E 29.3 28.1 22.9 22.2 36.3 35.0
F 33.3 36.0 23.8 25.9 39.8 39.8
G 32.3 32.0 24.5 24.7 38.8 40.1
H 41.4 41,9 35.4 32.6 49.5 49.8
I 33.0 29.1 22.8 22.8 45.0 42.0
] 27.1 27.0 20.4 20.2 34.4 34.4
K 28.7 30.3 21.1 21.0 38.2 37.8
L 40.9 40.8 31.7 33.9 44.8 44.0
PRERE BB REEAC B THUERBERE R
A 32.0 33.3 95.9 91.6
B 34.7 29.1 95.9 80.7
C 38.5 35.0 101 95.9
D 27.8 28.0 85.0 91.0
E 27.8 27.5 71.3 78.2
F 28.9 27.3 85.6 86.4
G 30.1 29.6 81.2 90.0
H 35.9 38.4 90.9 106
1 28.5 29.9 81.0 78.5
J 24.8 24.3 65.4 68.9
K 26.4 27.1 74.1 75.7
L 35.6 32.7 95.4 91.3
B ~3) 1358 2- 12518
F3 HREERBICHERBURTRE S EE
Mz A—Fr—4 (B0 BRI A dy—2 (IR
A B SLRAERT (2-8000) G H 3L 8T (2-5010)
B A SEBYERT (2-5010) H HAR Dy —1l /7w 2 (SOLAAR M5)
C U7 (SpectrAA 220) I B BLERT (AA-6800)
D A SRR (2-5300) J B a3 4ERr (Z-5310)
E A sz RUYERT (Z2-8200) K B s 8{EPR (2-5010)
F B BUERT (AA-6700F) L

HAR 17 vi/a (SOLAAR M5)

1) ZFERBRICBMUCHREORS (FTF)
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F4 HFERBEREOMEYTHE R

By BORA PB . gE? RSDY RSDY  poe  goe
w80 (mghke) (%) (%) ' OR
HFITL TARIERIES. 10 1.50 55 6.4 0.59 0.42
TARIBRESD 10 3.35 1.2 42 0.14 0.32
BB Bl 10 1.96 1.0 4.4 0.11 0.31
THIEREEDED 11 3.81 1.9 3.2 0.23 0.25
TEVRFEEE AL 10 1.80 3.5 4.9 0.38 0.34
& TARIGIERER 10 252 4.6 3.9 0.74 0.40
TGRSR 11 29.4 3.7 4.3 0.61 0.45
{5 IE RSB Bla 10 18.6 3.2 5.0 0.49 0.48
1B SEEIE B 10 22.2 1.8 7.0 0.28 0.70
TETESERIERLC 11 86.8 1.3 4.0 0.26 0.49
=obrne TGRSR 11 56.9 1.1 4.6 0.19 0.52
FARIBIEEED 11 21.8 2.2 3.9 0.35 0.39
BRI Ela 11 28.9 1.3 6.4 0.21 0.66
RS ey S 11 28.5 1.8 4.4 0.30 0.45
IEVRFEEE RS 12 58.3 1.6 4.4 0.30 0.51
VAN TARIBIEA AL 12 33.6 5.3 15.6 0.89 1.65
TAIGIEREED 12 26.3 4.9 18.7 0.81 1.92
15 IESEEERE la 11 41.3 2.1 11.0 0.37 1.20
{ETESEEE P S 12 30.2 55 13.8 0.91 1.44
15 TER B 12 85.0 6.4 12.5 1.24 1.52

1) SEATICRVW B =

2) IRIEME (n =R AEVELE(2)
3) ENEVELURE AHMEEEZ)

4) EBEFBEREE (HRER®)

5) EEPNEDIRLHorRatfE

6) ZEREHHorRatfE

4. F&H

12 BBREEITIUNT 5 S840 (10 5 DIERIEEIE W TARIT A, 8, =v7 /b, 7es0ERRBREER
L, BT EOTFMET T, TOFRER, IFITAC OV TRERBREE (R EEREE) 2 3.2~6.4%,
F ORI VD HorRat f81E 0.25~0.42, SRIE DWW TSR EREE GEEREE) 21 3.9~7.0%,
OFEARIZ VA HorRat fE1T 0.40~0.70, =97 A DWW TR BRI E GExMEHERE) 5 3.9~6.4%,
ZOFMIZ VD HorRat B 0.39~0.66, 70AZ- DWW TCIIEMBBREE (A EE¥EE) N 11.0~
18.7%, FOFRMIZ VS HorRat 118 1.20~1.92 THY, WP 2 & TE-7, ZoZ&nh, SBRFTHR O
B AR EOERBRBE MR o0& ThoT.

BESIC LB ERE, AEEREOBESHEMRRF SN TBY, ARBIEILFRES P OINIT L, i,
=y VR O/nAOMEHOCAIEP CELR SR EE THILPREEN. ZODEdh, 2007 £
EREBSEHRIMSOEELZY, FRBIEEE SRR (2008) iU niz .
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Determination of Cadmium, Lead, Nickel and Chromium in Sludge Fertilizer
by Atomic Absorption Spectrometry: A Collaborative Study

Yoshinari SAKAKIBARA', and Manabu MATSUZAKY'
' Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office

A collaborative frial was conducted to evaluate an atomic absorption spectrometry method for
determination of cadmium, lead, nickel and chromium in sludge fertilizer. The samples were ashed in a
furnace at 450°C, and the ash was digested with hydrochloric acid—nitric acid (3-+1). After the excess acid
was evaporated, the residue was dissolved with diluted hydrochioric acid to prepare sample solution.
Cadmium, lead, nickel and chromium were measured using an atomic absorption spectrometer at the
wavelengths of 228.8, 283.3 (or 217.0), 232.0 and 359.3 (or 357.9) nm, respectively. The study involved 12
participants representing official control and research institutes. Five kinds of sludge fertilizer which was
contaminated naturally by cadmium, lead, nickel and chromium were used as test samples. The samples were
analyzed as blind duplicates. Mean values, the repeatability relative standard deviation (RSD,), the
reproducibility relative standard deviation (RSDg) and the HorRat values (RSDy/predicted RSDy) of
determination of cadmium reported range from 1.50 to 3.81 mg/kg, 1.0 to 5.5%, 3.2 to 6.4% and 0.25 to 0.42,
respectively. Those of determination of lead reported range from 18.6 to 86.8 mg/kg, 1.3 to 4.'6%, 3.9t
7.0% and 0.40 to 0.70, respectively. Those of determination of nickel reported range from 21.8 to 58.3 mg/kg,
1.11t02.2%, 39 1o 6.4% and 0.39 to 0.66, respectively. Those of determination of chromium reported range
from 26.3 to 85.0 mg/kg, 2.1 to 6.4%, 11.0 to 18.7% and 1.20 to 1.92, respectively. These results indicated

that this method has acceptable precision.

Key words  cadmium, lead, nickel, chromium, sludge fertilizer, digestion, atomic spectrometry,

collaborative study

{Research Report of Fertilizer, 1, 50~59, 2008)
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5-1 FRERPOKERRAE
— IR B HROY R —

RTHE S Y, AR, 2H i Y
F—O—F KR, HRER, BRI R R EE

1. [ZL&HIT

PR 11 FEBEOBRBREEORBELFHNRBAEAZ LA BNLURE 3 BI85k L.
5 IRE T IE R OV OBEE S OMEIL LY, 15, BHIEE Cho B R BB LT 2R (BIRIE
B BEBIEEL LAY, FOXNEBRBICBVTEALFSNEHERS OB R ENEDLILL. BRES
DAERERLL, YRR 11 0 50 FhomnsEaE 15 £ 100 FRe 5 ERTRELEY. Zozihh,
IER DR 2R ERGT 570, BFRIENOESBOREITLVEERRE R LI Rt
ASBOFRE FIELLT, BHANSRE RV CIRT2HE GBEE) VLB EOSME7SAa BT
IEAF B H 1 (5 15 O B IERL A HRES VIS T D, LnLass, BliEE, SRAOBKEES
VEL, BB AROREICE BB BI bbb, SROBAKE —FIZAFTEIERTERD., —F,
S~ B % AL CEL TIN5 B 31— B OB IR IE R 0K IT DV T D e Hh I B 8 5
Niphole, 22T, FHE—BIERBE RO TSR TMBL THE T3 557 18 9 275 RIS & o
AEBOMEITE A TEAMRITHILE U, 28, SEHI 5 818 T L O EBL /S FU0 b
EARREMLLTERL TS, ZOMBIRHBESA A EEEESOICED B ELEREICE
EERTWS. 20k, SAEER TSI BRI B Ok RE M TEBRELRRBL, 20K
BUARBIEOR Y ERRRLLOT, FORBEZMETS.

2. MHRUFE

1) RHORBEUHS |

RO URIBIBIEE, TEERIEE, 5RAEREIEE R OOk ER ED BRIEE BB B L L TINEL,
P b I ARTESL, BT CHRELE. RBRAPRBETEL, 65°CT 24 HrHsEL, HEZ
500 pm 5BV ERETHLICHTLTH HEBZREL, RERCHLE,

2) #8
SIRFEBIIH RS- F T LV MBT AR S F V-, g 0RE KBRS CRIFEL, 180~200°C
WA EOFABER T B OELTHEL.

D BRSTATEIE A BRAKERBR RSB AL H RS
P () MILATBOE ARAOKE R Z 2EH 2 — REE 2 R A
(B MNATEIEARMKERBEESEI A —lE -t s—
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KRARFRASGTERBIIBERA ANV A VE, BRACKBITER RA-3 ZHEA L,

3) HHBERORR

(1) BIRE :

SPHTREE 2.00 g BBRWHEE 027 TR0 E0, WER (141) 50 mL M A THEL, B0 ilL
o, B, e B YD SRR (30 g/L)20 mL A0, 3 BERMEALL, B~ Hom@hyyant
MR DEE, B, Hiod<r T @iy A (30 g/L) 10 mL 2, BOMBALEL. WREE
40 CICR L, IRFBEE (100 g/L) 10 mL 20, BALEFaX LT =7 5K (200 g/L) 10 mL %3 T
L, BRIOB T BEA)Y 2R TH, VI ABMABTARBLE. AEEEE7 I AN, KREE
BwETMAE.

(2) ERBoA T

AYHTEREL 1.00 g BN 7 I A0 (£ B 7F A2 100 mL) kY, HERL 3+ Y7 A 50 mg B OREEE 10 mL
ZMAT, B2 RBVIRERBLRORENDRRDETLEFME L. etk BEFRE 10 mL &%
180~200°C T 1 BERIMBA MU, Bn s, KEEBETMA .

(3) HERIE

SAFEREL 1.00 g 2077 A2 (B 75 A2 100 mLICEY, BEEE 10 mL A, B4 EVEE L BBIED
BAEDP DI BREETHRMA L. BUsH, BIERER 10 mL #0%, 180~200°C T 30 45 ~1 BEEIMBL
THBLUE. Btk KEEREThRAE (B D

[ OWakE 100g | £&77%2 100 mL

—hHER 9 10mL
| Szl | B
| %ﬁ | =&

—iBERBE 9 10mL
| i | 180~200°CORSYE T304 ~ 1T nEL
l ff&[:f% | =R

—7K (ERET)

77X 5 mL | Wi

B ABRN -7 F 1 (LB R L T)
R TR b ]
K1 BRSO kRS B IEOFIE
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4) KEDOEE

PEHANE 5 mL 2B IUARICAR, BB TOABRRN -7 0 L EEINE, K IEF 055 5
SEEICEEL, QD) RUEATS (DD ERZENUR%, ZE2BESY, IBE 2537 nm OW%
EZHELE.

3. BRRUESR

1) BHBROEH(HETE)

(1) BEEROFEBSITEEO S/ FEOLE

KERORTALE FELLUT, EREY IBRENEE THOI LG, ZOMMEEERKC 2 BM2NELTS,
7o, BIRBIIERGHE, 0B7I7A3R OEREMBATEe—F—ZORMBELELTRILNE, £
EORMEL FRKICRET R LPEETHS. —F, BHEL, fiABERERE, ¥, REOSF
T7IZAA(ERTTAR 100 mL) ZAWAIEND, +EREOCRTAEERERICITIZLITES, LR,
fl 2 iE TR RE 4 I CERWBRIER RS oI5, RIS BRIESE E B i s 9
OFTLHEOEAPRMTHILELE.

BRLER BB S BRI LT RIER (LRIBRICE (6 £), TEHFRER O L), HREREIEE
(12 ) ROVKERIEEY HEEIEH (1 ) FOKBOEBEOLEER 2 TR L. ThOLOFEEBEO—
wENR RO ER R LR A 1 1.013 BTR0.037 Thote, FOHBHRE (011 0.991 THY, EOIEEH
BB, SR T R OMBUE B I35 B ICH 2EIR (180~200°C) THY, Z OBEORKIER % HIR
BEEF CIIE L72LZ A8 123°CChoto. B OB SA5K 123CThAZLD, SEREET I
BWLAEBRIBELZE L O,

1.5
y = 1.013x+ 0.037

1.2 r = 0,991
o b
e
E
= 09
23
e
42 0.6
&
o
E g3

0.0

0.0 0.3 0.6 0.9 1.2 1.5
BIEE (mg/ke)

2 B R OGRS i B M I A5 Ve IR B
P OIKERTE BB O LI
FRR N FOEBEILLIAERER (n=20)
AR y=x DEHR
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(2) HREHFOHR

BRIELYN RBEOKBOEEEOLRBER 3 ICRLE. BHRECHTAERBEO—KERROE RHR
RO R 10,992 B TR0.041 THY, TOMBHREL (1) 130.993 Thole, EBL/SFT VU AETRIMLAZN
R B LA R BESBIRELE VRSO ONI MG, MEVEEE 180~200CIT5I4iz
LY, HRRERELTOHEBIL AT U LADIRMOEF ERKBOREEEICEZZEEITI N LE LR
o, B, B ATYVULL, FRREFEAEREESCEDIHELEDBEIEREINTED, B
BRIE OASRSIIEN P AOBR TV,

i, WREICBITHMERE 1 ML 30 S BICEMRL B A OFREH P OKEOERELE
4 R LT, BB TAEREO—RENEROERARER G A TX 1.010 X 0.042 THY, #OH
BIGRYEL (1)130.992 Th-oTr. LERE 30 MOERBECROVHABEIRDOLNIEZEDD, WIBREN 180
~200°CIT72 o7t 30 49 ~1 BERINEVT ALY, BELEEEBBBLNELE XN,

1.5 - 1.5
};ﬂ y = 0.992 x + 0,041 En y=1.010x + 0.042
T 1.2 r=0.993 @ 1.2 r = 0.992
B E
~ 0.9 & 0.9
& 2
= 0.6 \é 0.6
03 A 03
;15 : ki
Y — : : : 0.0 .
00 03 06 09 12 15 00 03 06 05 12 15
#ifiE (mgke) B E (mgkg)
3 SRk ERME) ROk LS 4 BB GO o) R UNBRIEICLD
JEIRIRE R O KR E BE O ETRRER s DK R TE Bl 0 LB
R TH O B EAHENRER (n=20) ER WS OEEEIZLAENRER (n=20)
R y=x OB AR y=x DEB '

2) RhnEURER R

TEBRIPE (L, BREEEE G ) RUTRBRIEE (1 S I0kERELT 2 BT 0.2 mgkg H#
HEFFEMUZREHT WG, BYVIEL 3 oL TELREIRREREE AR 1 R, FEEIR S
B CHERPEREREL, KB 2 mg/kg HME TiX 98.7~101.6% & U 0.3~1.4%THD, 7K 0.2 mgkg I’
IR TR 100.7~1054% K T 1.4~25%Th-oTz. BHOLAFHRBOFER S OFIREHEICEDLILT
WATBRIEE R 0K RO B[ 0.0002% (2 mgke) THY, ZORER T 1/10 DR EITRBWT, KED
KERICIZBEENIBOLN T RFRERS (FHEE) R URE LR E (ESHEEREZE) v Eohx.
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F1 ASMEINGREROFE R

ss T EHEED  AEREERE
(mg/kg) (%) (%)

TEESTEE 2 99.5 1.3
0.2 102.4 1.9

IBTEREEAEREA 2 98.7 0.8
0.2 100.8 1.6

THIESEBEANEIB 2 101.6 1.4
0.2 105.4 2.5

HIEFEEEERIC 2 100.1 0.3
0.2 105.3 1.4

T ARTETR At 2 100.5 0.9
0.2 100.7 2.4

D) 3AE BT TR T BEIR %

3 EETROER

URIBIRIEE R OVE B EBIEEC 20T, BVIEL 7 BIoH L TELNWEER TIROERRABRERY
R 2R, B ERER 0.094 mg/kg & 0 0.041mg/kg THY, FOBEERERZEIZTNHS 0.001 mgke
Thol, BB TRIGERFEZEX0, £, Bl TRIEERZE2xt{(n-1,0.05) LLTURENHD T, Kk
O E B TRE UM H THRIZ 0.01 mg/kg 1E K U0 0.005 mg/kg B E LHEEERI.

#2 EETIRERBBROBR

ARt FERE e B EEREE EETROMEY RUTRo#EY
(mg/ke) (mgrkeg) (mg/kg) (mg/kg)
UBR {5 e R g} 0.094 0.001 0.01 0.005
15 eSS B AT 0.041 0.001 0.01 0.005

1) TROHMTHHEGEOEHE
2) EEREXI
3) AEHEREx2xt(n-1,0.05)

#3 AREHEHEROLE EERR
EHER Ok SRR PR 1A TE B fE (ug/mL)

10 pug/mL 1 #A 9.94
2 »H 9.88
3 #A 9.91
4 » A 9.98
57 A 9.64
6 H 8.02

0.1 pg/mL 10 B 0.101
20 H 0.100
30 B 0.100

8) ERBOREN
IR (AC)ITRE SNk SRERENE (10 TR0 pg/ml) OBBE{LEE 3 IR L, KEEERF (10
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pg/ml) D 1~4 r BHOTEEERL 9.88~9.98 pg/ml Tholn, LHLEND, § » AROERME 9.64
pg/ml FEFIEMEERL, 6 »ABROEEE 8.02 pg/ml & 8 BIBEII o7, T, KB (0.1
pg/mL) @ 10~30 A OFE &M 0.100~0.101 pg/mL TH-o7z. _

ZDZERD, L AT A (10 mg/L) — BB (0.2%) B CTHRL, BBE @C) RELTHE, kg
FEHEWE (10 pg/ml) 22Tk 4 » A [, REREEHENE (0.1 pg/mL) iC2>WTH 30 REIRE THHILRRD
BTz,

4. £&&H

T IREE R OO ST Dk BRI OWTRETE1T o 7.

(1) HREBEZIDEEES, BERECIAEEELORICEVEBBERIBObN.

(2) STREOHERERNC2 R TU0.2 mg/kg S EOKRBEPHERMUZREE RO THEMEBERERERLEE
LickZ A, FHEINER UF OBERET 98.7~105.4% K (X 0.3~2.5% B EF & Th-oTz.

(3) 2 MEOHBREREZLNLEN TESHTL RO ERECEEREIVEH LA, B A
DEETEIZ 0.0l mg/kg HEESNE.

4) BELEWEOLBA AFUTLAEERTTIORRICHOETAZ LR LT,

X @

1) FREOBRWERAEEFXOEAOIREICE T HEE FER 1157 A 28 8, EHFE 1105 (1999)

2) BRI oHOBFROBEARUCRBEOREICETAER . FR 11E7 5 288, BEE 12 5
(1999)

3) REEMBRRE SRR 1147 A 28 B, SEREE 111 & (1999)

4) BHOKEEMR L2RERERXSEEN 2005 Ry MEREE, p. 89, BHEHHES, B
(2005)

5) BEET, FRIEE, BF F BREFRARREICIZIEER P OEKEOERIIONT, ERE
], 27 (2), 19~30 (1974)

6) BM/KERBERBEREINTER IEHOE (1992 €/, p.102~105, B ARBERERS, BER
(1992)

7) RREPIEEE: 8 TRRETEEMAREL AT L, p226~-234, FEE, B (2005)

8) BMAEASEREEN SABoWEEOREIZSWT, ERTHE 11 B 150,75 B % 1660 &
(1995)

9) BT EBET RS (ERR T iR R — 2004 —, p.4-45~4-47, B AR FEERS, B (2004)

10) HEEL2EEE EEFE S MITEE 24, NEEIHELLEWE ", B 28ME

11) BEARETHRARERARETHER EEHEFIE, p.197~201 (2001)
<http://w-chemdb.nies.go.jp/bunseki-asp/pdfs/water/teisitutyousa/0103>

12) HEEREHEEEITEMNE 3 BES AEoF<=o27V(ER 16 £ 3 A), p.10~27 (2004)

- <http://www.env.go.jp/chemi/report/h15-04/index . html>
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Development and Validation of a Rapid Digestion Procedure and Atomic Absorption
Spectrometry for Determination of Mercury in Sludge Fertilizer

Fumihiro ABE" @, Takeshi HASHIMOTO' and Yasushi SUGIMURA

' Food and Agricultural Materials [nspection Center, Nagoya Regional Center
? (Now) Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

? (Now) Food and Agricultural Materials Inspection Center, Sendai Regional Center

A study was conducted to evaluate the applicability of atomic absorption spectrometry for determination
of mercury in sludge fertilizer. A rapid open digestion method with nitric acid and perchloric acid was used
to solubilize mercury in a sample. The samples were then subjected to a atomic absorption spectrometer
connected with a reduced atomic vapor producing device. A good linear correlation was observed over the
range of 0.1~1.5 mg/kg between the data obtained by rapid open digestion and those obtained by reflux
digestion according to the Official Method of Analysis of Fertilizers published in December 1992, The
accuracy and the precision were assessed from 3 replicate determinations of 5 samples spiked with mercury
at 2 different concentrations (2 and 0.2 mg/kg). The recoveries from samples of concentration at 0.2 and 2
mg/kg mercury ranged from 100.7 to 105.4% and from 98.7 to 101.6%, respectively. The relative standard
deviations (RSD) were from 1.4 to 2.5% and from 0.3 to 1.4%, respectively. On the basis of 7 replicate
measurements of 2 naturally contaminated samples, the LOQ values were 0.01 mg/kg. The rapid method was
evaluated for accuracy, precision, and sensitivity and proved to be a simple and time saving method

particularly in simultaneously preparing a large number of samples.

Key words  mercury, sludge fertilizer, rapid digestion, producing the atomic vapor by reduction,

atomic spectrometry

(Research Report of Fertilizer, 1, 60~66, 2008)
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5-2 FHIRAEF O KERRIE
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1. ZE®HIC

AR, BERMEA~OBLRERY, AP TRERFOBROLDOFELLT, BEFRICE
BEKDWLNDD. £, TR THHSNBBERICOVTH, Bk #i%, BiolismBas (48
DEREE LU RS E~BRIN TS, BRESOHBIED, BEDOEERECHAKEREE
EIIAT DR THEDR, RYER T L ESBEOEHMARAINA LI AokL Y, ZOIRITEWVLT,
AR EER RS IC IV THE, SERL 11 48 7 B XY, BRIENEEERHEEE DB TS5 — O 2
BRIE RS BIOB ~BIT TR0, BEREOBICEERLLNAI LT, TR, %iF
JERH DA RGBT, FBIRIES (55) R e H SRS NAKEEOR K BIX 0.0002%LBESh .

TETRAERE R ORI E OTER R B EL O, BEOSE 7222 AW THBTL 5k (B
H) I IBAELERREICONT, BHEY O, BELYE, EB TROERE O ISOIEC 170259
TERISNTVHRBRENOZ YU MEBORBRYEEL, BETIREMELLT, BlcREEOER
FHTHARBRF B O LERERIZ 2T, IUPAC O EFRIRBR S mha 222 0B RIEE T OKES
BRBEOEMBRBRLERL, AREMERFELHELLOT, 2ORBLHETS.

2. HHEHRUAZE

D HAHORR, BARE |

TIROURIEREE C ) ROV RBELES G fOZREL, =R ANTERL, 2BET
WEEHT R L. DO, B RETERRLZEH2REITEL, 65°CT 24 FRHMEL, B
500 pm DE5AHNEEBTHINTHHL, JIBALUEL. BASHEREN 2 gt =—8ICAL, B~
A LTHHTRREE L., — O TG RREB BRI 5720, FREOIERER OS5 8T HEE
DB 2 VV—RXOBEBOTVER, S0 RS (10 A 22 MR E IR L.

2) BE
SERIBEIIN A= — L BT AR iRy b v e B BB ORI AR E R TR
EL, MEORERMICRAIIITARE T W ORBEHELE.

DMSATEE A BMOKERR RSNy AR S —
? () BMTBIEABRMOKENRR ST X — BB RS RE R
PRI BHRKEAHE - RERBRERSETHER
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HRREICRESN TOSKBARFRIEMTEBEERBLE.

3) EMERORAR

SHTRREL 1.00 g B A2 (£ET7FA) 100 mL &Y, MlEE 10 mL Z, B2 BVIRE2RLHEO
BT BETHOREMEL. K1k, BIEREE 10 mL 2%, 180~200°C T30 4y ~1 BrRmELL
THRELTe, B, KEERECTHZ CTREBREFR L, ok, RBEREOHEILHY, EoLl
72A3 100 mL FRWTRBROBRELEEL, FRRERZHAMLE. (1D

4) KEBDHEFE

KEBOBE B BTe-> T, FRRECKERFRFRIESITERB OBRIEF BT,

B, BARALAYAATROBILRKBELSITEE RAZ 2AVEEEORMEDO—HIZKRITRL
= REHAE S mL 2B ILABIAR, LEIZECTOABEN -n-7F 0 L fiEmz, KERART RS
ERICEML, BEE (1) RO (D EEEEAL, EEA2BHRSE, BER 2537 nm OREEL
BELE.

o el 1.00g | #7522 (£E&7523) 100 ml

«~FEEE 9 10 mL

I T | A
I ﬁ&l%% | =&
—iHEREE #10mL
I S | 180~200°CORME EC30~6057 RN
I ﬁli% | =R
—7K (B ET)
i I 5 mL | BT

Y IBEN -0 F L1 (LR C)
[RERET R eE |
B R Ok RE BRBIEO IR

5) HEMOHR |
IUPAC/ISO/AOAC D RERBRY b/l D DB BERIRIZIE, ERFIONH AREDLTNLR 10
BB ERERY, & BBHC O 2 ST T 3)~4) K> TAMT LI,

6) HEME
WO 1 RBEILBWT, BELA 10 3ENE )~ THBRBRPER L.
- FERBEREWEELF—
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- HREIEAS R ES A PRI

- MEEABRERSH RS Z—

- MEHEABABRREHRS AHEUCEE N

+ MMATBREABRMKERBEZEEN Y4 REEHBESRER, LRt4—, hetr¥
— BEBELF—, PR — KIREE R OER s —
{50 FIE)

3. WMRRUER

N #ERBRERBOYEERER

BEERBROBER CHVIEL 2 B X10 RE0— KRB LA OSFHLBLNIHEBEZR 11T
RUTZ. W OREHZEBUThH, FED F(9,10;0.05) % TEI I &b, A EAKE S%ICBVWTEE I
HEREERDON -7, e, BRI OB EEFEL 3.0~7.8%ThY, £ T4 HE Bk
FERRICB VAN TELHE ML H L THDHI LR L.

F1 KROBEEREERBROBR

BB TR THERE"  ArHEEREE” P FIEEE R
(mg/kg) (%)
LERIBTRIESIA 0.687 78 1.93 3.02
U RIGIE D 1.19 5.3 0.80 3.02
IBIEREIERIC 0.453 4.7 1.29 3.02
ISUEHBEIEAID 0.810 5.0 0.84 3.02
I5EREEIERIE 0.196 3.0 1.77 3.02

D) 10882 M7 i O E B A
2) PEREROMEHEERE

3) —EAESHHEI VR HEsh st
4) F(9,10;0.05)

2) AEHBEBERUSNNERE _

ERBROLBE SN EFRBREELR 2IOR L. £RFNOSH B OREE 2% IUPAC O3 FE
MR aban® 0o CHREGE L. BMBRECHANEEZRET 570 Cochran O#E B
Grubbs DR EZERE LS, 1TRREOWRBBEOILIHRABBIEE C T 2 RBREORRKEIH
B SEIRIE T,

3) BOBERVENBREE

AIEZBRA LR LVE MU SE, ERBYHELOMIHEERZ (RSD,) X T° HorRat
(Ho,) ¥ TN =B H R OB RHME HEE 2 (RSDy) K& Ut HorRat {E (Hop) 3 3 127/ L7z, HorRat {Eid o547 77
HEOREDOFMETHDICBVSRTEY, Ho it RSD/RSD, (P) & U8 Hog i3 RSDg/RSDg (P) IZ LR %
BIS. 723, RSDg (P) IS EEMEDS Horwitz TV T Xk ®, RSD, (P) ik Horwitz Ziz{iR$k (5/8) %
FU TR S NEERERA LR O L HERR 0.182~1.10 mgkg THY, #O RSD, BV
RSDg X 5.3~10.6%K ' 10.2~13.1%TH 7. Fi2, RSD, & T RSDr DFHIi - v % Ho, TR Hog 1
0.50~0.82 BTt 0.51~0.80 THY, Wi*hb 2 LT Thofztd.
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#2 (FERIEER oK O LR RS (mg/kg)
MErg! LER{ETRIEEIA UBRIETEIEEB THIEFEBEARELA
A 0.493 0.612 1.00 111 0.448 0.514
B 0.710 0.672 1.10 1.13 0.487 0.512
C 0.578 0.569 1.07 1.12 0.484 0.572
D 0.584 0.571 0.976 0.902 0.414 0.382
E 0.625 0.602 1.06 1.10 0.462 0.447
F 0.680 0.700 1.18 1.36 0.508 0.576
G 0.670 0.694 1.00 1.05 0.493 0.538
H 0.801 0.778 1.26 1.26 0.519 0.546
1 0.705 0.734 1.11 1.25 0.532 0.489
J 0.686 0.606 0.972 1.11 0.468 0.440
K 0.642 0.612 1.09 1.00 0.464 0.453
PR EE 1EIEAREEIERB TSVERSERIEELC
A 0.775 0.690 0.194 ¥ 0286 ¥
B 0.885 0.820 0.176 ¥ 0567 @
C 0.686 0.703 0.176 0.174
D 0.902 0.742 0.171 0.184
E 0.750 0.848 0.220 0.167
F 0.872 0.874 0.164 0.192
G 0.817 0.722 0.159 0.179
H 0.854 0.914 0.188 0.209
1 0.980 1.13 0.201 0.179
J 0.863 0.742 0.177 0.167
K 0.733 0.773 0.203 0.165

) ERRGRICBIL T AR E DR = JBRR)
2) Cochran7AMI LB E
3) GrubbsFAMZLASIUE

=3 HARBAROBITER

HEOEE  Resx) FuE? RSDY RSD.” Ho,” Hog”

(mg/ke) (%) (%)
URR{EIEIEELA 1 0.651 53 11.6 0.50 0.68
LIRIBVEACEB 11 1.10 6.3 102 0.63 0.65
THIESBEIEREA 11 0.489 6.8 10.2 0.61 0.57
TETRFELIERIB 11 0.822 8.1 13.1 0.79 0.80
IBIRREEELC 9 0.182 10.6 10.6 0.82 0.51

1) iRV BREY

2) MEEHE (n=RBRZEHEIRLEL(2)
3) ENRELRE HNRERE)

4) BEIBIREE GixHEERE)

5) EPEELHorRat{#

6) =R HH HorRatfi
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4. E&E

11 BREBRE ISR T 5 847 (10 ) OBERIEEZ AV TKRELERREOLXRRREERL, A0k
DFMEAT T, TOMRKR, EFMBFEREE BHEREZE) X 102~13.1%Tho7. 2, TOFMEICAE
¥ % HorRat f&1E 0.51~0.80 THY, 2 # FEl-o TV, Znrhsh, BRERPTH O LI LA AR IEDS
MBERBEINETARE ChoT.

BRI LB ERHE, KEEEOBSEERRFINTEY, ARBRIELEREE - OKERAEICA
WALENTELF MR E TALLPRBINE. Z0lehb, 2007 E£EEHSETRHNSOES
T, ARBREIZIRE SRR E (2008) IR SN,

HARBIZH AR FRRERR W5 —, FEEE A SR IR IR BRI TR AT 5T, BT
BEARARELSFT 22— CICMEEA B R ICEBRERSABE CEBEXROAMICHEEZRLE
7.

XM

1) ZEE—RE, I R, BB ERAE: FABREIVRAOESBSEROBEMENBIZBIAMESD
FRAG, BALIEERELTEHERE, 77, 83~86, (2006)

2) HEEET, FHXRE, LRIEF, BBEAG: TAKBRaVEALOERERCHEIESBRO L~
DERE, BATIRIEEEMERS, 68, 156~161, (1997)

3) RERHEURECCER 1147 B 28 B, BEE 111 5 (1999)

4) BWKERET BHBREICESEERIERSONERKELEDDEOM WIEFEHK 12 £ 8 A 31
B, BMAKEEGTE 1161 5 (2000) |

'5) BRRKEER BB RN ST IR AT B (1992 4ERR) , p.102~104, RAKNIEBIRERHS, TR
(1992)

6) ISO/IEC 17025: General requirements for the competeﬁce of testing and calibration laboratories. (2005)

7) PUEROCHE, BARES, BB BRERSDOKERE —aBRHFECHE —, EETEHE, 1,
60~66, (2008)

8) Horwitz, W.: Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure
& Appl. Chem., 67 (2), 331~343 (1995)

9) Thompson, M., R.Ellison, S.,Wood, R.: The International Harmonized Protocol for the Proficiency
Testing of Analytical Chemical Laboratories, Pure & 4ppl. Chem., 78 (1), 145~196 (2006)

10) AOAC OFFICIAL. METHODS OF ANALYSIS Appendix D: Guideline for Collaborative Study
Procedures To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL, Gaithersburg
(2000)

11} Thompson, M.: Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in
relation to fitness for purpose criteria in proficiency testing, Analyst, 125, 385~386 (2000)

12) AOAC OFFICIAL METHODS OF ANALYSIS Appendix E: Laboratory Quality Assurance, AOAC
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INTERNATIONAL, Gaithersburg (2000)

13) Horwitz, W., Kamps, L.R., Boyer, K.W.: Quality control. Quality assurance in the analysis of foods for
trace constituents, J. 404C Int., 63 (6), 1344~1354 (1980) ‘ |

14) Codex Alimentarjus: “Recommendation for a checklist of information required to evaluate method of
anaylsis and submitted to the Codex Committee on Method of Analysis and Sampling for endorsement”,
Vol.13, p.129 (1994)

15) BWKEHRRESHEN2¥ — (FAMIC)  IBEHERERIE (2008)
<http://www.famic.go.jp/ffis/fert/bunseki/sub9_shiken2008.htmi>
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Determination of Mercury in Sludge Fertilizer by Atomic Absorption Spectrometry:
A Collaborative Study

Fumihiro ABE" @, Takeshi HASHIMOTO' and Norio HIKICH> @

! Food and Agricultural Materials Inspection Center, Nagoya Regional Center

* (Now) Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

* (Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau, Plant
Product Safety Division

A collaborative trial was conducted to evaluate an atomic absorption spectrometry method for
determination of mercury in fertilizer. A rapid open digestion with nitric acid and perchloric acid were used
to solubilize mercury in a sample. The samples were then subjected to an atomic absorption spectrometer
connected with reduced atomic vapor producing device. The study involved 11 participants representing
official control and research institutes. 5 kinds of sludge fertilizer contaminated naturally by mercury were
used as samples. The samples were analyzed as blind duplicates. Mean values reported ranged from 0.182 to
1.10 mg/kg for each kind of siudge fertilizer. The relative standard deviation (RSD;) for repeatability ranged
from 5.3 to 10.6%. The relative standard deviation (RSDg) for reproducibility ranged from 10.2 to 13.1%.
The HorRat values (RSDg/predicted RSDg) ranged from 0.51 to 0.80. These HorRat values indicated that

this method had an acceptable precision for determination of mercury.

Key words  mercury, sludge fertilizer, rapid digestion, producing the atomic vapor by reduction,

atomic spectrometry, collaborative study

{Research Report of Fertilizer, 1, 67~73, 2008)
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6-1 HRIEFHPOUVHRRE
—~ TR O R ~

BREER O, ARFEHE D, FEEKR ', HAR- VO
F——F O, BEEH, RPRELEE KBEhRLEE

1. 1FL&HIC

SRR 11 A IR R RSB IE Y &h, SRR Cho BRI B IR LY, BOREEZ TS
Ze&ipotz. Eie, MBBCHESREE 2 B2 Y0, REMY OB EEBREOH IR AP RIES
nBZebipofe, EOITEE, BEVIAINMEYROVFA7VENCLD, TK, LREUSES THOBEK
REDEJEDIY A7 N DREIFE S, HIRIERFE SR L TRESNDHFEAE KL TNE, TOk
®, YEHCB O TIRIFRIEBOBRE SBESEM Tl ot. IBBAEERYCBWIOREERTD
B ik, MEOSMICE TARML 6 BELEESN TS, RIWICRVBHY, SRIEEREFICS M
FTHILIEEE Chol, £ORD, SMIFMOERELBRLL, UTORFEZERLE,

ORONEEPREEN TOBEE T D R OVEREREFIEY OS8R FIEICHE > THRER 25
Lo AR SO ERELEVHEBEAHIZ R L, i, EEREFETRESATED
SRFELRABEORMELELLLN, SRS ERILE > THIREHSO S BIFFRZ R LR,
JERLATEIELVE 3 ST AZENTEL. 220, FEOWEEOH EICLLIH R R OUFER
BEORYEBERELEREL-OT, TOMELRET5.

2. BMRRUAK

1) HHOBERRUHR

HIRFEBIEE 13 &, UIRIBIRIER 6 &, TEBRIEE 2 7, TABRIER 1 &, SERERES 1 8
B UMy AR R R A0 W R ER) 2 R (B 25 RO B IROEBMREL THTICE L.

BERIERS 2~3 kg 2BEL, U o— AR ANCESL, 2 RFETRER TRELL. O,
BERUERAEEETRL, HBEITELT 60 CT 40~70 Wl FHERL, BRE 500 pm D550 %
BT IETHIRL O AR R TR,

2) BE

(1) RS54 3EE  Thermo Electron # SOLAAR S Series

(2) KEAFE A 3B  Thermo Electron 8 HYD10U

(3) AE/LEFIIERE  Thermo Electron 8 HYD20U

(4) ¥

VST iTE I ABHRAKER B R 2— Bty i —

P (BR)BSITHEABRKRKEEBERESEe - BREZ2SRER
TR MSLTEE A BROKEB B R SN a - iR —
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3) HEeiEroAs

(1) IERAERICIARBFIROME CUTF, TIBESHEIL0D)

SHTEREL 2 g FEREICE > Th— A —=100~300 mL {2 AL, S BOK, BB 2 mL, fiEE 5 mL &
UHBHREE 20 mL 2007, K3 M B VVEMS oMz, B, FBEHIERTLTRENS 2 mL BLFIC
IR BECHEAL, B, WEE S ml RUNEE ER S mL 2002, MBVERITT 6 BRAOML, 0%k
B2mL AT 3ETRBEL, HUSHIER (1+5) 25 mL 2%, IHELCEML, mHEEKEZB VT
BE7722 100 mL (CBL, ERETKEMALSE, A 3 EERAVWTARBL, RUBHERLLE.

(2) FRRGAT EHECISREER O (BT, THB &g L))

TR 2 g EERIZE > Th— A —100~300 mL IZ A4, FiEL S mL, M2 10 mL2MA, R
MTEN—ETHEL, B L TROHTH 30 SEMEE, BALBEOHBEB ROTANFEE L2
STRLBEMHE T AL, i, BEREER 5 mL 22, EUEBSTITE 300°CHL ETmEL, Hiz,
RFEFILZIIFUCH BN 2 mL LT IC AT TIMEL 7o, A R 1EE (1+10)S mL, 7k 20mL /0
Z, MBLTHELL, AR%AEZANTEETTAT 100 mL 1B L, EHECTREMII®, A3 B3 H
WCAHBL, RElRE U,

(3) EEREEHFECLASRBHEROERE (LUF, EEREE) L)

SRR 2 g A ERICESTh—AE— I —100~300 mL = A#, BEEE(1+1) 15 mL, f§#E 15 mL %0
%, BFEF L CRBVYE B CRSLIZIARL, EN 15 mLil/e-cbMELIE B S mL LT IC LA, M
HBEEEE 10 mL 2B EOMBHREEOHTABREEU R THeBE»HETAL, HKiktk, WEE 5 mL,
WIEFEBE 3 mL 20, BORR M TEVMEIL, B, BEFIEET LT ED S mL L TIZRaETM
BUTIRMEL. BdtoKk 50 mL 2%, IRLTCESL, BHEAERAVTEEZI AT 100 mL 2L,
BRETREMAT R, AR 3EEHVTAHBL, REBERL L.

4 DEORE

ARFAIZOE T IV ARIE, 40 (wiv) %O b )7 AR, 18R (1+1) B OSSR AT 2 B - 0 e 6 E §
ICEE L KB RAEBC-EEAN, BE, RS, BAELEAKABLUOEEZRBLERS
AT LT, HE 193.7 nm OWEEZRIELE.
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A BELATEE B Rl b e CEEHEE
y Sty f = = 100 ~300 " b= 100 ~300 . e A e - 00 ~
SEEE 2 g I o SR 2g | it P L
K HE —HiEE % 5ml —HEE(I+) #0 1S ml
iR A2 mL —FYEE ¥ 10mL —EEE 15 ml
—EHEE $9 5 mL
- . ; EEASH 15 mLIz/iBE
BEER 4520ml ke hpd et
i !
mm e [ CTROCOBELT | BEL. BEGCECN
| ]
300 ‘C~380 ‘CoaEbg +¢
178 AL fEELECE T it} HBeEORENEELE —HiEE # 10mL
| - AN
wE |z B |za may (BRI ZRER)
—§4EE #5mL BT % SmL —FHBER 39 5ml
B 495 mL —iBEREE W3 mL
- 300~3R0°C O EHE LTI
L. 2 mL B T I i
ERERITIENG | MR " .
S8 |BERED. EICREEC -
FTRE "
A @R
W iR AR e A e D BE T PRI
—EE (1+10) # SmL
Wl BEMRELHET
—E R (1+5) #9925 mL 7k #0920 mL ik A 39 5 mliCienE
TR
AR b
HR | —7K #950mL
W (=R
s =R [ |
At
K AERET) l
K BERE) Bl |EEZ7X000LAE
A
=
i@ —K EHRET)
—PRETHEUTHR
—HEIETCHIR | i |
|L*}"t—'f—lﬁi3*{:6%?§%ﬂi
11}"’:{‘9%&5&&5&%‘?&%@] BT IR CRR

1 IEEAER, SO EERCEEREEICIDATHE
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3. BEBLUEE

1) BHBROHEB (SEFE)

(1) HRFEOBRE

LVBEOEBICEIRBPOERURESL ASTKRBRILTALERDS. TORICSRBIEFTICE KRS
WEBPHRETHLEROE, VEOKRRLEBRETAILS—BICHONTHBEY, ZObI+HRIEE,
R IEL, MR OB ERETALENDS. B — BRI X5 0 BB CIIRES B R R (R
(338°C)EBETOMBIREE) ICMERT 5L, R{bDREDHIRICHHENEL, MBI ANE VO TR
LV A OEVRER (121°C), BIERBQOIC)RE MK R ICLVBRETES. BERENIIE IR THY
BALHERL, AsAA VOB EREA~OBLICEHIEN, BRI TORED EOMBULEROBREHL
W ZbOI LB — - BEREREBVEERSEAODREONICETAEELLNS. 23)IC
RUEERSREERVCEERAEELBREL, FhENOSRFELERSIFEE >N TELhER
(R4 A N Wl

(2) MEBHATER, SESITEE, EERESEOCSHIFIEOLE

BT R LARE RO OREOEREOFHEIL 0.7~28.6 mgkg THY, IERHAEEICS T
HE AR UBFOEX 80~117% CEHE 97%) Thotz. MEOEEBEORICE VAR (r =0.999,
Y=0.989X-0.120) BEH LN (H 2). EERAEBRIIASHFREPOOROEREOHEIL 0.8~29.8
mgkg THY, BN EERTIEERTTTOEL 91~155% (CEHE 108%) Thot-. MEFDERME
DR E VR (r=0.999, Y=1.014X+0.085) 3386170 (14 3).

e 3 FERICOBBELOBWVCIATEEOEILRD )T,

30 30 -
o, | y=0989x-0120 g = 1.014x + 0,085
& r=0.999 I r = 0.999
& 20 2
= .
& 10 B0 |
T | i ;

0 j 0 1

0 10 20 30 0 10 20 30
REPE 547 5 (mg/kg) B4 7 2 (me/ke)
B2 EEOEERB oI ERE B3 Rl i RE TR O BER

OFEBEE

(3) ko BB Do R R OMRE
TEEHAEIRIZIITS 6 B M T OB BB S EE COSMRICLY, FOREER TEOMRBL
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o, BEMEBEE TR ERRBICLD, MERSWEDBERICEREEL, BRAEELFBEORE AL
BETHoMld, BATH2LLL7. 4 BEORBER VT, 2HREHY 1~6 BRICREL, EELE. &
OFER, B1ERUGE4IZRTLERY, WEhORBHCBNTH2~3 B CHREBAEEBROEREIZHL 96%
PLEOEINERBONG. ZOIENLERICSBTEET 2~3 BRI THLZ 100, MR

FeoTe FIBITI 0oy ARG R 545 3 WP M CEHI LB L.

F1 BT BN LB AER BB T R (mg/kg)
P B 4 A v SR R BE DA ARRERT  (RERE)
2 3 4 5 6
HIERBENE R 4,88 4.95 5.12 5.04 525 5.11 5.11
TG IERE 1.75 1.56 1.68 1.72 1.77 1.71 1.72
LER{GUERER 17.8 17.2 17.6 17.8 17.9 17.7 18.2
AR R AR 30.4 28.2 30,3 30.9 31.9 31.8 32.5

140

116
100
90

80

BEAEECH T EE ( %)

130 e e e o e e e e e e e e e e e e e e e e e e e e e e e e e e e o e

120 = - -

70 ______________________ U O -

60

THEAERRY  (WERED)

H4 PO RECRITAMASHOVEERE~DEE

~o— HIRBEEITE —8— TRBRIEE —A— LIRIGEIES e FRIBEES

2) WhiEALEER

BN ST B LA B R O SR LB E R RER 570, EIE AR B L ER2E2E 2
R LT, RSB LC 0.1 mgke Y BEREH T2 5 ROBBHIIOWT, UFREL TS mgkg KT 50
me/keg FEMBIRML, BREBEUMEER, BN 94.6%~103.3%, +OBR UM EIXEXHE¥EZE (RSD) &

LT 0.3~5.1%Tdh-7x.
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2 IMEINRBR AR

e kR S EY 2 TERPE R
R (mg/g) (%) (%)

TETRREEREEIA 5 1027 0.4
50 99.4 2.0
TGIRH BRI 5 99.9 1.8
50 98.6 5.1
15 TRFEBEIEELC 5 102.5 0.6
50 99.0 1.5
TH¥FBREE 5 S 1033 0.8
50 94.6 2.7
L ARIGTe AR 5 103.3 4.0
50 100.6 0.3

2) 3ABHT A RED FHEINE

3) BETROER

FREL AT B MEDE R TR 35700, BREREEBLUCTLEB R ONT, &EL 7 B4y
WL RO R RER 3 IR, THERER 0.127 mphg RUR0.121mgkg THY, TOERFER
0.012 mg/kg BT 0.005mgkg TohH-ol, EFETRIDFEEREX0, £, RETRIBEER=E
x2xt(0-1,0.05) LLTRENDDT, REOEE TIRE UL THRIZ0.1 mgkg BERT0.05 mgkg BE
EHEFE ST,

3 TR TIRHESBHROBR
RO THEREY BIEREE EETROWEY RHTRO#E?

{mg/kg) (mg/kg) (mg/kg) {mg/kg)
BT RRER RS 0.127 0.012 0.12 0.048
T35 IRREEL 0.121 0.005 0.05 0.018

a) TRBHT OV EEO FHE
b) EEREO
c) PEMERZEx2xt(n-1,0.05)

4) BEBOREN

BIRE AT IREESNOEEER (1 BT 0.1 pg/ml) OREBELEFR 4 KRLEL. OHBEWER
ug/ml) D 1~6 » BHOERMIT 0.98~1.04 pg/mL THh-otz, T, OFREUERK (0.1 pg/mL) @ 10~30
A% OERME 0.101~0.103 pg/mL Tholz,

ZOTEDD, BEE(1+100) THRL, BERE @O IRE LSS, OFEER (1 pg/mL) 2oV 6
& AT, OSEEREE (0.1 pg/mL) 120V TH 30 BIRE THHZEMNFTBdLR.
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#4 OREREOLEM AR
BEEROORRE PRAE IR E&{E (pg/mL)

1 pg/mL 1 »H 1.04
2 »H 0.99
3 7H 0.99
4 7R 0.98
5 7 A 1.03
6 7 H 1.00
0.1 pg/mL 10 B 0.102
20 © 0.101
30 0.103
4. F&d

IEEL AT, oI BRER CEEREEOIEBICLIN 2SS SOBERIEBR S5 O LI R, BED T
HBOFEREIZHLT, hO2B0EEEIIZATNEWVHERIROONE. e, FE SR8 CIIER
SRR T, SRR 20 3 B ER TR LRSI,

AR EEOR LA R 3520, FRIER 3 EEIZ0FRLL TS mgkeg & U850 me/kg M H B2
ML, WMENRBREPEBLFER, BRI 94.6%~103.3%, TORELUREE RE RS 4E 2 (RSD)
ELT03~5.1%DEENELNT, SEETRIZ0.1 mgke bHEESNT. BLEOT ELEE O %
ERERFOURSITICBNT, BRREBANOZUELBBIN, BEOINELFEORKEBLND
AR EnT.

X M

1) FERMERAEE BIERR 1LE 7 A 28 B, HESE 111 5 (1999)

2) FEEORVEREEESNOBAOREIZHETHEE TR I1E7 A 28 B, EEE 1105 (1999)

3) REHEOPOFBROBEEME R ORI CETHER TR 11 £ 7 A 28 B, BEE 112 5
(1999)

4) BEAGEREEOFEFNHEORECHETOBEE ER 1286 A 7 H, IBHRE 116 § (2000

5) BEOFDZFAOREICETAE8 k34 4 A 26 H, BEEE 48 5 (1991

6) BMOKERBERBERITOER: B2k (1992 F40, p.132~136, A ARERREH S, AR
(1992) '

7 BHKEESERERM FESHEROREC ST, FHRTE 1 HI5H,7EB$ 1660 &
(1995)

8) BHEAREFTHERKEERABEEER  EEHREHE, p.140~144 (2001)
<http://db-out.nies.go.jp/emdb/pdfs/water/teisitutyousa/0103teisitutyousahouhou.pdf>

9) HARBBESWHSWH FUH BRESWEINPE, p111~-113, LOXIHAR, BE (2001)

10) A B SIS H, BARE, 2005 (7), 357~363 (2005)

11) HEBERE FESE- -FAE &R, SAYE, 2006 (5), 213~214 (2006)
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Validation of Atomic Absorption Spectrometry for Determination of Arsenic
in Sludge Fertilizer

Naoki ASAQ" @, Yukie ISHIDA" @, Shinjiro IDUKA' and Masakadzu SAIRI"-®

! Food and Agricultural Materials Inspection Center, Sendai Regional Center
? (Now) Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

* (Now) Food and Agricultural Materials Inspection Center, Sapporo Regional Center

We validated a method using an atomic absorption spectrometer for determination of arsenic in sludge
fertilizer. An open digestion with nitric acid-sulfuric acid at 170~220°C and perchloric acid at 300°C were
used to solubilize arsenic in a sample, followed by procedures using an atomic absorption specirometer
connected with reduced arsenic hydride vapor producing device. A good linear correlation was observed
between the data obtained by this method and the data by an open digestion according to the Official
Method of Analysis of Fertilizers published in December 1992 over the range of 0.7~28.6 mg/kg. The
accuracy and the precision were assessed from 3 replicate determinations of 5 samples spiked with arsenic at
2 different concentrations (5 and 50 mg/kg). The recoveries from samples of concentration at 5 and 50
mg/kg arsenic ranged from 99.9 to 103.3% and from 94.6 to 100.6%, respectively. The relative standard
deviations (RSD) were from 0.4 to 4.0 and from 0.3 to 5.1%, respectively. On the basis of 7 replicate
measurements of 2 naturally contaminated samples, the LOQ value was estimated at 0.1 mg/kg. These

results indicated that the method is valid in determining arsenic in sludge fertilizer.

Key words  arsenic, sludge fertilizer, producing the arsenic hydride vapor by reduction,

atomic absorption spectrometry

{Research Report of Fertilizer, 1, 74~81, 2008)
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6-2 FREMPOVRRAE
~ SERMBAR

BREEL D, HEERE ', ol thsgg Y
F—0—F  UF, HRES, ETRELERE, ARILHRERE, HRHAR

1. XCHI

YR 11 IR B R P EEh, BHRIEECHo BRI R UG TE B ERIEE S8 1B AR s L7200,
EOBBZESTDHLbicof. T, BIRCHESHZRE 2 B> Ve, 5 ORETEROE
ZhF A PMRIESNAI L LT, EBITIEE, BRIPAZVEPRTYSAIAVENICED, Tk, LRED
B THOREKREDEROVF A AOFEPER, BIRIEE SRR LLTRESNOHFHEDER
LTWa. 0Ok, ¥FTB W TIIERIBEOBRE SESMMTE LMo, BB IRBWT
OB ERE T, REOSICETARHD ¢ BEMBESNTOBRYD, RIEICIRVADY, 2R
A RIS RT DL EEEChH T,

ERIEEF OUORREOTEL DY, RS E, RO AR R OEEREFEYICLE75R
R OUVREEBEROCOMSEOREBEIT >R, FEO EEIIEH ST EOERE LS
B, SRR 3 FEE MR CERBAILP R TERY . ZOSB T EBICLA VR LERBIEIL OV
T, BRLYE, EETROBRESO ISO/MEC 17025 TERIN OV ARBENOZ Y ERBORRE
ERL, METAEENELNEY. BrREROERFE CHLHHEBRETF O LERERIZ->WT, IUPAC
OHFERBE T o haV YV ERBIERESFOOFRBIEOLFERREERL, RRESMEREELR
HELEOT, ZOMELRETD.

2. MBBUAE

1) BEOER A%

HERO TR BT, UIRTBIRALE, T3V5RME, Bemis e inel B NEIR FERIES (BT 5 A0 %R
BRBLLTINEL, ABEICRES L. HER A% 65°CT 24 BHREHEL, BFEE 500 pm O5DWVERBE T
BEHTERL, IKBA L. BASHERER 10 g2t =— R AR, e—h— AU ToiIFREELE.
—ROTIAFRBERET DD, TN ENOFREEOSHT ARE ORRIC 2 RIIOE SOOIV
EENT. S RREEH 10 R) 2B MRBREICEMA L.

2) BB
LS RIS I A — S I I BT AR R R WV, IS ORE KB ESTHEL, BEDE
EHECRAIOT AR R OTTWIR O BERELL.

DOMNIITBOE ARAKENBR R SR R A —lE s
P (BT BUE NBRMOKEE R L ARty — R R SRER
P (BRIBHAEEHE BERRELSTER
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KB EARBHNEFRASHERRSHNBRBCREBESN T HEEREHLL.

3) AMIEROAR

SRR 2,00 g R B --100~300 mL 1229, BEEEHY 10 mL & OUGRES 5 mL 200%, BFIT
B, —HHBE L. B ETESRLT 30 MEA(170~220°C) L, LTI THbLIMEL = (300
~380°C). R, BIEREEK 5 mL 202, B 1T 2~3 I %L (300~380°C) L, BITHpEHIL A1
PTABITTOLTIRED 2 mL BUTICRSETMELTEELL. Bintk, BB (1+10)5 mL R UK 20
mLEZMA, MMBELTEPL, KTEE7FA2 100 mL IR L, EEETAEME, ARIBETAHBLTEE
WiRE LT,

ks, BRHBRORBIIHEEY, ZOM-AE——2 W TEROBREZERL, EXBREREHAR
L. (1)

4) VEDHE

OFEOREICH->T, ERBEOKRILYBEEBA R FRASITEBEORIEF BRI,

BB, Yt 7 b EOKR{ R EERE (HYD-10U) 4 ERF R L4545 & (SOLAAR S2)
ERVEREEOBEO—FIERRICAR UL, BFRAESTERICER LU KR(LD I LR EITRELED
FTRIT LB, 40 (W) %EHE VT BIEE, HEE (1) RUBRBBEELREL, SERERE, Hits
H, BA LKL OEORE (K& 193.7 nm) ZHIELE.

5) HFEIREBRABOHEERESR
TUPAC/ISO/AQAC DHEERBR 7 oha P OBEEREBEIZEY, 27 oo AR GERER
10 BB AR EEY, SRBHC D& 2 BHFHT3) ~ 4N~ ToiT L.

6) FFEHER

WD 12 RBRE IR T, B L7 10 BUBHE 3) ~4) ITiE> T RIRBRZ = L.

« BEEEFAXIT s

» BRARESHRERAEREIER

- RUTI/MAET RIEREEINTE

- BAREMFTLENRNSH SRFER

- MEEABAREEREDS

- MUITBEANBHKEEBESEN B4 — RHEABZEMRERS, LRt 7—, iatrZ
—, A HBREVI—, HFE e —KIRBEER R CER 5 —

- bl S b EREERET SiTEra—
(50 ¥g)
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[ PR 2.00g | Mt —&— 100 ~300 mL

—fEEE 59 10mL
«FiER & 5mL

I —BeRiE |
| ﬂul@t | 170~220COW¥E EC3045
ml@ 300~380°CORIE L CHRIGEEOFAE
MR FELE TR
I ;é%lﬁﬁ | =R

—BEHEE 0 SmL

o 300~380°COWIE_EC2~3BFRIMZFLL |
~ 2 mLEA FIZ IR
I
I mE | =R

—iEmER (1+10) #J 5mL
7 #3120 mL

[ HE. | 2%
I 75&13% | =R
| @Lléi‘ﬁ | 287723 100 mL~BLAL
7k (BEEC) |
l A8 |
| Qﬁ:ﬂi@ﬂ”ﬁ |
I ?ﬁﬁl"é‘ | kA EBNERTRASEE

1 ERESPOOEEOTa——F

3. BERUER

1 HESBRARHEOBDEERER

BEEHRBROBBEURYIEL 2 B X 10 REt0o—REB LSBT oBONAHMEEER 11
U, WTFNORBHICRW TS, FERF(9,10;0.05) % FEloizlbhd, B EAKE S%ICBOTRERTIC
HFERERROONGZD D, e, BB OMAERREIL 09~79%ThHD, £ TOHHTFHBEER
HERBBRICHODILEBTEAHEMER L TOAILEHELE. '
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| #£1 OEOHWEMEERRBROBE
EE TR T RE?  RxpEEmE? Fii® FIERRRY

(mg/kg) (%)
TAKIE TR 7.67 0.9 1.99 3.02
URRIGIRAEEL 473 32 0.40 3.02
T 7B RS 0.621 7.9 1.67 3.02
BERLTS Je A 5.31 43 0.28 3.02
TG IR IEHENR 1.24 : 2.4 1.14 3.02

1) 1032 & T ORFEERME

2) HEEomMIEERFE

3) —REESBOIFIC IV BEHEN T o
4) F(9,10;0.05)

2) APBRBRBRUNNERE

ERBENSREINCHARREBE CCEASNAREDREEBERCET RO EES
$ 2 U 3 DR L. &R0 REIORBREEE IUPAC OERRB T bl BN iE- THE
MIBLTn. MBSO NAEER R HTA DI Cocliran O ER TN Grubbs OIREEZERLIZLIAS, 12
RBERORBMAEOS FTABRIEET 1 REBRE, LRBERIES T 2 RBER B REBEERT 2R
B ORBREN A NE LB ST

3 HTRERVERNBRRBE

ANERRALERBREBIVEHLETSE, ERBELORBE (M BERZE (RSD)) BT
HorRat & (Ho,) ¥ (N BRI EHR O E (FXMERER 2 (RSDg) ) &R ' HorRat {H (Hop) &R 4 IZ7RL7.
HorRat EIEOW HEOBEOFMHLTHE0ICE VLN TRY, Ho, tX RSD/RSD,(P) B T' Hog it
RSDr/RSDR (P} I L9k b5, 7235, RSDr (PYIXEHREBMENS Horwitz RIVICLYRS, RSD (P
Horwitz IG5 (5/8) BB TR B 19 AN ELZERALEZRBHE RO RSD, R P RSDr X 3.5~6.1%
BN 7.0~19.7%THY, Ho, KU Hog b 0.46~0.63 & (X 0.55~1.15 THTHY, WThd 2 2 THEH>TH
7?::17).

4. FEH

12 RBREIZBVT5 80 (10 L) OFRIBEEZRAVWTOROXEFRRREERKL, KoWEOFEEIT
ofr. FORR, BEEEREE (EEERE)IT 7.0~19.7%Tholk. i, TOFMICHV% HorRat
EiL 0.55~1.15 THY, 2 2 TFE TV, Z0Zeéhh, RRFTEORRIZLARSITEOERBHREE
IR T AR Th ot

BESRICLVBIERE, AR BLOBABEMRFINTRY, ARBIBXFRES FTOUOEREICH
WAZLRCERR DR EEE TAILHERBIN, Z0rlhb, 2007 £EBEHNSHTRNSOESR
B2, ARREIZIESSRERIE (2008) KEIhE®,
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F£2 {BIRIES P O OEO SRR (mg/kg)
gD FARIGIEIEE USRIG IR AR TEFIEER
A 7.57 7.53 4.73 4,60 0.646 0.657
B 6.85 6.34 3.65 4.41 0.667 0.654
C 6.83 6.83 4.63 4.87 0.605 0.670
D 6.51 7.02 4.79 459 0.796 0.796
E 6.41 6.57 3.72 4.18 0.401 0.489
F 6.94 6.89 4.36 4.49 0.694 0.777
G 5.32 5.60 3.55 % 324 9 0.779 0.705
H 5.92 6.05 421 4.08 0.618 0.631
| 6.85 6.61 4.17 4,32 0.642 0.695
J 5.38 5.32 4.38 431 0.790 - 0.790
K 5.59 6.21 308 Y 25 ¥ 0.432 0.375
L 697 » 560 2 4.45 4.17 0.595 0.593
Bk BERGI5 TR AR 1SR B
A 5.96 5.71 1.26 1.25
B 5.33 4,84 1.33 1.23
C 5.81 5.12 1.29 1.33
D 4.72 4.66 188 ¥ 138 2
E 4.59 498 1.02 0.99
F 5.42 526 1.26 1.30
G 562 5.69 1.03 1.00
H 4.87 5.00 1,12 1.38
1 4.66 4.87 1.29 1.20
J 487 4.81 1.50 1.36
K 4,24 423 0.552 % 0576 ¥
L 5.44 531 1.21 1.18

1) ERRRICBINL - RBRED D E JBR)
2) Cochran7AMZ L A4 HIE
3} GrubbsTAMT LB N E

#®3 HAFERRICAVIOKBEWMRAERBH SR TR OIER

ez AFDREEETR BEFURrofrEEnR ahEi—ih—

A HYD-10U SOLAAR S2 R S =

B HYD-10 SOLAAR M5 AARTHy—L /N -Toia
C HFS-3%Y Z-5300 ERvA L

D HFS-37 Z-5010 H SE e

E HYD-10U SOLAAR M5 A oL b s Pz
F HVG-1 AA-6300 BEEER

G HFS-27 Z-8100 H S 8ERT

H HYD-10 AA855 A p—L b Foiia
I HVG-1 AA-6700F BEEREAER

I HVG-1 AA-6800 B RERT

X HVG-1 AA-6800 B ERT

L Optima 4300DV> AR T —

) #ERARICBMLERREOL S (ERR)
2) ICP-AES
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4 HERBRAEOBITER
HEOEE  Resm’  EsE?  RSDY RSDR" Ho,” Hog”

(me/kg) (%) (%)
FAETE RS 11 6.42 3.5 10.7 0.46 0.89
U BRI e Bkt 10 4.62 49 7.0 0.62 0.55
TEI5Temst 12 0.632 5.7 19.7 0.53 1.15
VDR b 2 12 5.08 4.1 9.5 0.52 0.76
B RBEIREL 10 1.23 6.1 11.4 0.63 0.74
1) BENTIC W E

2) BRIIE (=R BRI (2))
3) BNREURE (EEREE)

4) EWHETRE (BB REE)

5) =EBPEELHorRatfE

6) EMEHAYELUHorRatfE

HRBRBRICCH AN RS ARITF vy, BREMBEHFABEMER, HL 77 /HKAEHE
BRSNS, BABLY TEKRSHEMEERECHMEEA B AREERERBSABOSAITH
EhFEUET.

X B

1) HERMEREE WERR 1LFE 7 A 28 B, SBBE 1115 (1999)

2) B OBVEEAEFROBEACREICETAER ER 1147 A 28 B, HBHRE 110 %5 (1999)

3) EEHE OMOFBROBFEARCHBORECHETAEE ER 1147 A 28 8, BRE 12 %
(1999)

4) BHERBEROBANAHSORECHETIIEE - ER12F 6 A 7 H, HRE 116 5 (2000)

5) BIROADZMAOEEICETOEE ER3E4A 26 B, BHE 48 % (1991)

6) MK EEL BERBEHMIIOAT BB HTIE (1992 /), p.132~136, BARBRBREWR S, TR
(1992)

7) BWAKEAEERREM AR OWERORELOWT, W TE 11 A 15 8, 75 B 8 1660 &
(1995)

8) BEEBETHBABERMKBETER REMEFIE, p.140~144 (2001)
<http://db-out.nies.go.jp/emdb/pdfs/water/teisitutyousa/0103teisitutyousahouhou.pdf>

9) BEER, FRERE, TAKE—BREEFOVRNE —oRFEBEOWE—, REFERE, 1,
74~81, (2008)

10) ISO/IEC 17025: General requirements for the competence of testing and calibration laboratories.
(2005)

11) Horwitz, W.: Protocol for the Design, Conduct and Interpretation of Method-Performance Studies, Pure
& Appl. Chem., 67 (2), 331~343 (1995)

12) Thompson, M., Rellison, S.,Wood, R.: The International Harmonized Protocol for the Proficiency
Testing of Analytical Chemical Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)

13) AOAC OFFICIAL. METHODS OF ANALYSIS Appendix D: Guideline for Collaborative Study
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Procedures To Validate Characteristics of a Method of Analysis, AOAC INTERNATIONAL., Gaithersburg
(2000) '

14) Thompson, M.: Recent trends in inter-laboratory precision at ppb and sub-ppb concentrations in relation
to fitness for purpose criteria in proficiency testing, 4dnalyst, 125, 385-386 (2000)

15} AOAC OFFICIAL METHODS OF ANALYSIS Appendix E: Laboratory Quality Assurance, AOAC
INTERNATIONAL, Gaithersburg (2600)

16) Horwitz, W., Kamps, L.R., Boyer, K.W.: Quality control. Quality assurance in the analysis of foods for
trace constituents, J. A0AC Int., 63 (6), 1344-1354 (1980)

17) Codex Alimentarius: “Recommendation for a checklist of information required to evaluate method of
anaylsis and submitted to the Codex Committee on Method of Analysis and Sampling for endorsement”,
Vol.13, p.129 (1994)

18) RAMOKEHR ZEEHN £ — (FAMIC) : lURHERBRIE (2008)
<http:/fwww.famic.go.jp/ffis/fert/bunseki/sub9 shiken2008.html>
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Determination of Arsenic in Sludge Fertilizer by Atomic Absorption Spectrometry:
A Collaborative Study

Naoki ASAO" @, Shinjiro IDUKA' and Norio HIKICHI* &

' Food and Agricultural Materials Inspection Center, Sendai Regional Center
? (Now) Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
? (Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau, Plant

Product Safety Division

A collaborative study was conducted on the atomic absorption spectrometry method for determination of
arsenic in shudge fertilizer in order to obtain interlaboratory validation data. An open digestion with nitric
acid-sulfuric acid at 170~220°C and perchloric acid at 300°C were used to solubilize arsenic in a sample,
followed by‘procedures using an atomic absorption spectrometer connected with a reduced arsenic hydride
vapor producing device. The study involved 12 participants representing official control and research
institutes, 5 kinds of sludge fertilizer which was contaminated naturally by arsenic were used as test smaples.
The samples were analyzed as blind duplicates, Mean values reported range from 0.632 to 6.42 mg/kg for
each kind of sludge fertilizer. The relative standard deviation (RSD,) for repeatability in analyses ranged
from 3.5 to 6.1%. The relative standard deviation (RSDg) for reproducibility in analyses ranged from 7.0 to
19.7%. The HorRat values (RSDy/predicted RSDg) ranged from 0.55 to 1.15. These results indicated that

this method has acceptable precision.

Key words  arsenic, sludge fertilizer, producing the arsenic hydride vapor by reduction,

atomic absorption specirometry, collaborative study

(Research Report of Fertilizer, 1, 82~89, 2008}
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7T BEBRBEARIOTNSTEESHE (HR-GC/MS) EIZkD
BARIBHAREOEWRGOS 44X EHE
— B OB H —
Kok VP, mHARE L MEEET

F—U—F  FAFRVUVHE, BRIBE, OE, BoMET A o ST EBSITE,
R SR IS ik TR

1. LIz

FAZFRL Y, ECERDORE -RRNEOBRECHERMICEESNABEETRIELRDE T
HY, £, WEKBERER LU TERSNT PCP R RCNP #F Iz R E L TEEN TN LD T,
FAZH VARG REIHEEE (B 11 FIEEE 105 5) WBWT, KRUEAD <750 (BT,
[PCDE1EVYS, ), iRUE(L D/ - T - 3% (BUF, TPCDD 29, ) R U a5 — RIS L
==V (EAT, [Co-PCBIEWVYS, ) EERENTWAY | AFPITEBRENZF 443 81%, DNA 2%
T2 OERZSIERITILCED, BOTEARICBOTLESERRTLELZLNLTWAY ), &
BROLE, RESORERBFOL A3V EOTEEMTORTVAS,

INHOEGHRRERBEPOY AT ESHIELLTE, YRR OF A4FT AR E F )
(JIS #14) 9 [ TEEAK - TRHKPFOF AF X BOREFE] IS 88)Y, BB O 4%
BOREFEGETANIAL | (BEXBE)Y, [HHER-RERD R OIS EEXREED RS
BROBREFE I (BEAFBE)Y, (¥ 43V BB AsEERBENE =27V (BEEST, [tk
DEAFX XL ARDOEBIEEENALTA | (BHRAKER)YERFDLLR BN, IBRPOF 4%
HOSITEZED LR TV, ZROOSHTER, BER ST 3RE OBEIZS U Tl E BB O~
WIZEDBRLNDDO0, R FERIL-PEENHERNL, BOMET A <77 RO
B (LUF, TGO/MSIEWS. ) EAWTIMEB S T21TH A CHREANCHE I V. Tz, REhbosF 1%
VOROMBMBIL, ERPBMTCERBRIL, Vo2 AL HETIF BRI Lo T, LbL, #ERET
% 16 B LU BB T B8 E, BLAOARE-CHEFMORIERERLL> T 20k
W, B CIRERIEICIA, FicABEIN -t FEOBALRD LR TETRY, IHE R os 4%
VOEDERBEETARTAHIBNTS, BiEB LY (ASE) BBl kaiH FiEA R A - EEn
79 2 TEEL, B PO FX L AROERESETARTA )ROSR E B — R &
CMERIE BERBERED CRIEBOREF EICESE, BlEERA (ASE EEBE AW CERES
ROV BN 3% AR T HEERY vy 7 AL — B L kL, BEAEOT TR L.

VHTATEIE A BAOKER R R 2Bt A — AR S RER
2 MIATEOR ARIOKENR L EEF s —MREABRE
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2. MHRUHE

1)

WML TCHWBURBRIES, TABERIER, TERIER, BRBBIES R TEWBELERL, 3R
EELTHBEICEE L. RBR A% 65°CT 24 BRILL BL, BB E 500 pm D550 EEETAHLS
EHFRLCONT RSB AT EL, BB L,

2) HE

(1) ~FHy, WLy, TRy, SrapAzy, /5 BORER T MY 5 (oK) (A A4 % S A
FABRIES BV Ve, REER IS 0T R IR % Al 2. HBAE T N A, BRER RO A (K 178 58 AR 3R
B -PCB B ARIEEZ AT,

() SUBF NIV BRI YBTN (L AR AR, SUPELCO B &R,

(3) ~FH B Auto Pure WQS01 B O Milli-Q Il THEBEL 7218, ~F 1 THEH LT,

(4) PCDD - PCDF 2 ¥%£j%: NK-CVS-B20 (Wellington Laboratories 8, FERIZR 1 D (1) DB, DS
T OIE R (F 5 CS1~CS5) e Eh /T CERICHRL, 1 mL PICEE PCERAEEDHL
LT% Sng &% 7 5% PCDD - PCDF FEHATRR L.

(5) PCDD - PCDF V=7 w7 2347 FINEE B . NK-LCS-H (Wellington Laboratories 8, #HAIX
£ 1O DEBY. Y&/ T CERICHERL, 1 mL PICEE "CERAEESELLTE 10ng Rk
W > TS 20 ng) & T 5 PCDD - PCDF 2V — 7y 7/ R34 7 NG IR AN L.

(6) PCDD - PCDF 3U PR3, FINIEHENE . NK-IS-D (Wellington Laboratories 8, Makid® 1 ©
(DOERY. ) /T TERICHERL, 1 mL PiosfE UC EMAEENELLTE 10 ng ZEFTD
PCDD - PCDF LU SR A2 i R Ml P L. |

(7) Co-PCB fZE¥#:J%: PCB-CVS-JQ(Wellington Laboratories 8, #isliIR 1 0 Q) L. ) s HEE
OIEREFIE (FH CS1~CS5) B LNEh /T CERICHIRL, 1 mL FIoEE CCERASEDELLT
& 5ng BEH 5% Co-PCB EHEEATRBIL =,

(8) Co-PCB 7V —rF o7 A7 BARIERERE . MBP-MXS (Wellington Laboratories $, #pizF 1 @
Q) DERY, )E/FTCERICHRL, 1 mL PIosfE UC EMNEENEILTE 10 g 288D
Co-PCB 2V — T o7 AR A2 FINEERE R L.

(9) Co-PCB YL PRA7FIPHETEN . MBP-79-100 (Wellington Laboratories #, #kII3R 1 ©(2)
DEBY. ) B/FOTERICHRL, 1 mL iz PCEBRNERDEELC10ngE2EFT T3 Co-PCB Y
VAN 7 PR R R TR LT, .

(10) BEREBIEEYYE: ~A7AFdaratl (Lancaster Synthesis 8, BUF [PFKJ &S, )%
50°C CHERBESE GC/MS O hBICEBEEALL.

(11) BRIIEMEERENR(99.999%LL )& Az, ~V7 AXEME DT LT A(99.999%E ) &
Bz,
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1 FAFTXROBEEER OWERIEORE AW S EERROMAR
{1) NK-CVS-B20, NK-LCS-H B 7} NK-IS-D

(ng/mL)
NK-CVS-B20 NK- NK-IS-
CSI CS2 (CS3 (CS4 (¢85 LCSH D

2,3,7,8-TeCDD native 0.5 210 40 200
1,2,3,7,8-PeCDD native 25 10 50 200 1,000
1,2,3,4,7,8-HxCDD native 2.5 10 50 200 1,000
1,2,3,6,7,8-HxCDD native 2.5 10 50 200 1,000
1,2,3,7,8,9-HxCDD native 25 10 50 200 1,000
1,2,3,4,6,7,8-HpCDD native 25 10 50 200 1,000
OCDD native 5.0 20 100 400 2,000
2,3,7,8-TeCDF native 0.5 2 10 40 200
1,2,3,7,8-PeCDF native 25 10 50 200 1,000
2,3,4,7,8-PeCDF native 25 10 50 200 1,000
1,2,3,4,7,8-HXCDF native 2.5 10 50 200 1,000
1,2,3,6,7,8-HXCDF native 2.5 10 50 200 1,000
1,2,3,7,8,9-HxCDF native 25 10 50 200 1,000
2,3,4,6,7,8-HxCDF native 2.5 10 50 200 1,000
1,2,3,4,6,7,8-HpCDF native 2.5 10 50 200 1,000
1,2,3,4,7,8,9-HpCDF native 2.5 10 50 200 1,000
OCDF npative 5.0 20 100 400 2,000

2,3,7,8-TeCDD ¢y, 20 20 20 20 20 1,000

1,2,3,7,8-PeCDD  Bey, 20 200 20 20 20 1,000
1,2,3,4,7,8-HxCDD  cy, 20 20 20 20 20

1,2,3,6,7,8-HxCDD  Bcy, 20 20 20 20 20 1,000
1,2,3,7,8,9-HxCDD "¢y, 20 200 20 20 20

1,2,3,4,6,7,8-HpCDD ¢y, 20 200 20 20 20 1,000

ocpb gy, 20 20 20 20 20 2,000

2,3,7,8-TeCDF ¢y, 20 200 20 20 20 1,000

1,2,3,7.8-PeCDF  “cy, 20 20 20 20 20 1,000
2,3,4,7,8PeCDF B¢y, 20 20 20 20 20

1,2,3,4,7,8-HxCDF B¢, 20 20 20 20 20 1,000
1,2,3,6,7,8-HxCDF ¢y, 20 20 20 20 20
1,2,3,7,8,9-HxCDF  Bcy, 20 20 20 20 20
2,3,4,6,7,8-HxCDF B¢y, 20 20 20 20 20

1,2,3,4,6,7,8-HpCDF  Bc,, 20 20 20 20 20 1,000

Compound Isotope

1,2,3,4,7,8,9-HpCDF B¢y, 20 2 20 20 20 1,000
' OCDF B¢y, 20 20 20 20 20 2,000
1,2,3,4-TeCDD B¢y, 20 20 20 20 20 1,000

2,3,7,8TeCDD ¢y, 0.5 2 10 40 200
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(2) PCB-CVS-JQ, MBP-MXS E T} MBP-79-100

(ng/ml)
PCB-CVS-IQ MBP- MBP-
CS1 €S2 (CS3 Cs4 (€S5 MXS 79-100
3,3',4,4'-TeCB (77) native 0.5 2.0 10 50 250
3,4,4,5-TeCB (81) native 0.5 20 10 50 250
3,3,4,4,5-PeCB (126) native 0.5 20 10 50 250
3,3.,4,4',5,5-HxCB (169) native 0.5 2.0 10 50 250
2,3,3,4,4'"PeCB (105) native 0.5 2.0 10 50 250
2,3,4,4,5-PeCB (114) native 0.5 2.0 10 50 250
2,3,4,4,5-PeCB (118) native 0.5 2.0 10 50 250
2',3,4,4',5-PeCB (123) native 0.5 20 10 50 250
2,3,3,4,4',5-HxCB (156) native 0.5 2.0 10 50 250
2,3,3,4,4',5-HxCB (157) native 0.5 2.0 10 50 250
2,3',4,4',5,5-HxCB (167) native 0.5 2.0 10 50 250
2,3,3',4,4',5,5-HpCB (189) native = 0.5 2.0 10 50 250
2,2',3,3,4,4,5-HpCB (170) native 0.5 20 10 50 250
2,2',3,4,4,5,5-HpCB (180) native 0.5 20 10 50 250
2,3',4',5-TeCB (70)  °Cy, 10 10 10 10 10
3,3'.,4,5-TeCB (79)  Cpa 10 10 10 10 10 100
3,3',4,4-TeCB (77)  “C1, 10 10 10 10 10 200
3,4,4',5-TeCB (81) “cp, 10 10 10 10 10 200
3,3,4,4,5-PeCB (126) Cy, 10 10 10 10 10 200
3,3',4,4',5,5-HxCB (169) °Cy, 6 10 10 10 10 200
2,3,3,4,4-PeCB (105) "y, 10 10 10 10 10 200
2,3,4,4,5-PeCB (114) ®cy, 10 10 10 10 10 200
2,3,4,4',5-PeCB (118) ¢y, 10 10 10 10 10 200
2',3,4,4',5-PeCB (123) "y, 10 10 10 106 10 200
2,3,3',4,4',5-HxCB (156) “cy, 10 10 10 10 10 200
2,3,3,4,4',5-HxCB (157 *Cyy 10 10 10 10 10 200
2,3',4,4',5,5-HxCB (167) Cy, 10 10 1 10 10 200
2,3,3',4,4',5,5-HpCB (189) "¢y, 10 1 10 10 10 200
2,2',3,3.,4,4',5-HpCB (170)  Cy, 10 10 10 10 10 200
2,2',3,4,4',5,5-HpCB (180) "¢y, 10 10 10 10 10 200

Compound (IUPAC No.)  Isotope

2) BEERUSKE
(1) BEORERY A7 97 EESHE
HrRIaeh 57 Hewlett Packard 5 HP6980 Series
BESHTE: HAREBETFH IMS-700D, “HEINEA
(2) EEEVEPLHH (ASE)SE : Dionex B ASE 300
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(3) YyZX—iHER: TEBATIAHE, AEASRICELLKREEOLO T, KOEHETI-H0
Dean-Stark 7# 7 # (BEFE A 25 mL) 2B 270 0. 22875 500 mL.

4) H#EASHE: ADVANTEC 8 No.88R (Vo B4) 44 45 mm, & & 150 mm

(5) KD BZRPAFER: MORITEX # EVAN-k

(6) W=FY )R L—4—: BUCHI 8 Rotavapor R-114

(1) WL FATvIH VT uim—h— SR2w

(8) BELINTNATL: SUPELCOBREBLINT N DT H(HFLE (FE 15 mm) i22VHF 0109 g,
2%7KBEAC IO DR VAT 3 g, VUBT 09 g, 44%TEERITEL UM L 4.5 g, 22%FREEH B LD
Th6g, YUATN09 g RO L0%HERRIEES U/ 3 g ZIBREX TR TAENRTLD. Mz U s
N2 g BRUBREE T R A (#87K) 6 g ZIBRENTETALE.

©) BRIV T NI 2B T 0 R ERIE RV D TN Y o 2T D

3) EEF®E

(1) BB OV~ T AL 78N

A) EEE

SRR 10.0g o THIEL 34 mL ICAK, EEAKEHEE CEREL, ko&GgCcREL, H
HEEBERMACEIT .

A 7a Y P VT PCDD - PCDF 27— 7 w7 2234 7 FAREE #EiE 20 puL B 18 Co-PCB 2V —2 7
w T ASA Y FRNAZHERE 20 pL & IR T,

MR EH LU0 2% M7 2K EEIER 100 mL % A7 500mL Q4R SHCB L. MER)
Ve ~F ) 10 mL 0T 3 BEEL, BRIRE SRR HIMA fo. 2O RIR 2R 5% 240 min™
T RIREOL T EL, ABEM F L. Bio U BIokE 100 mL £10%, BenzEEsL,
KEEERT U,

g o
AR E 34mL
MERIMEE 250 mL
HRHE I e TR (141)
MR E: 100C
M :10.3 MPa
FFERRE S &
BEERE RHERD 60%
BRM AR 120 B
FEREL:3

B) Yyl AL —HhH

SR 100 g 2B THMBARI AN, 2O LT FAT—AEBEIFELAIMNCLTANE. ZhE
o Z AL —HEICALL, MPTR 350 mL 2 AN RBICERL, 16 BV v 7 AL —HH LT,

A7 YR BAVT PCDD - PCDF 7V~ F o A3 7 FIPRIEYEHE 20 pL 2 U8 Co-PCB 7V — 7
v ZANRAY FIPERERE 20 L IRz 7.



HR-GC/MSIEIZ LA TRACE R O R O A% ABRIE —EngEEihtiEom@ s — 95

e Ir BN RIS 50°C U TOKEBETIZSACERTAIETCEELLE, BEHic 3390
10 mL B ZTEML, S E 300 mL icB L. S8 ~%9 248 10 mL T©27 5 BkEL, ikt
SRS hYT.

(2) BiBkLHE

FEERA 30 mL EAIRHCEDICE T LK, ~F Y BLRBE OB PRI ETHEL,
FEEE B 2 H R TL, BICHEER 15mL 24 R o2 RHRICAEE Lie, YRIC, BRERRY 10mL 245378
REFA, BABIRLO L BIHEL, BBBAF TL, BICHER 10 mL 220K Ho A Bk iC L
U7, BT, BRI 10mL 2R oA, IREHE240 min™ T10~30 5 MIRES L BEEL, bk
BEWT Uk, MBEMEEALERLRRDETIORELEIIR L.

AP PR 100 mL AR mA, IRVESSBBEL, KBEWR T UL, BizZoiRiEr 2
EHREDIR L.

B EEOHT AT — VDT R ICRRE T N A A S0 g BAR, ~FHoTHEE L THKBR
AT UE, BABRIERTH 7922 500 mL #d, ~F Y UoBERRHOMA TR AL, BT,
AHH AN 50 mL CHMIR - ERTREL, BIRER A THAL, ~F Bt ~Fth g
% 40°C LLFOKB ETH 5 mL ECIRERMEL, £2BVIVFANZ LI MF7 40T 5EHE
LT,

(3) BRI VIFNIT AL N T T 40—

P 150 mL FSBUB S ABTLAIME, ~F P OBEEBETCARO LEICET A ETH TS
VCERBIN T NHTLER/EL .

BT T7IAD 300 mL BEBIIVASARTLOTICBE, BREEREZBIINFANHT AN,
AR CAHD EBISETAECH TSE, 8% ~FY 2 mL T 5 BHREL, RiRELEY
BANBTZACNE, HEBFETARO EEICETAE TR TR, Bio~%H 48 200 mL 2% &Y
BIENHTZIIME, FAXH 2GR | BREORE CHEHSE. BHEE 40°C LT oK LT
0.5 mL BEFCREREL, BIERSIYDFANITIIawhT F7 4T BRBHEIR S LT

4) JBERIATNNIN—ZGT LI T FT 40—

AEHBE A TR R VD A NY AR —RHT ML T, BEEEA~FT 05 mL 90T 2 BIREL, FER%E
BlAZ LMtz 15 SREREBLEE, ~%F 60 mL 2EATACMEA, B8 1 HREORECR T
.

IWEE BT CABO EBIGELUIEC, RTET7TA2 100 mL BIEERIVI AV N2 BT L0 T
BE, ~FHr—Trauif(75425)50 mL ZRAZ LML, B | BEEORECE/ 4R
Co-PCBs V5L, 5 2 B4 ORBHERE L.

FEHEPFTETAR D EIRITGELER, BRIV -2 Z 55 FEEL, H 100 mL O7Rd
W ZAnE@AZLAOTILEE, N>l 50 mL 2REAZAZMR, B 1| BREORE T/ 40
Co-PCBs, PCDDs F UF PCDFs Z¥EHIL, 3 Eis ORBSRE LU,

(3) PR OV PR ZERN
82 ESREUE 3 EOOREEES 1 oL ULTICBEREL, thPhosFad F=yia (BF
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KD}j&9 %) BEEHRIBL, BB~V 2 mL CHERSL, kT2 KD ERERCaber. Hio/
T2 30~50 pL BMA TR, BRIV T CT20 pL $TEMELE.

Co-PCB YU TR A7 FINEETEIR 20 pL 28 2 B4 R U 3 B4 OB, £/, PCDD - PCDF
VAR BN 20 pL 2% 3 BN ORBRERI AT rui i Pk, ~F
0.2~0.3 mL TENZND KD BEHREEZOBLIE, EREM T T 20 pL STEMELE. /T 80 pL 2% 2
H 4y DE|FEIIC, ¥z, /770 20 pL 288 3 B0 OBRBBIRIEF N ERNE, GOMS ([C8t4 24 RBlEik L
L.

(6) HAIa<e NTST7H B

PCDD - PCDF #ll7E FHRUEHE RIS DWW, IESH 1| RS2 %, /231 Co-PCB JIE I BUBHANE
BORE /A b Co-PCB MIFE ABRBIERIC oW, MEEG 3 2HEBLE. HEOWHE2RIRAA
=Y T (AT, TSIMI&E). Y ERICEBA MBI EL, #2IORTANHSHELRERDEOE
BB OET=F— (4R Puy v AHOEBEERE L. HEKEBIEEDE PFK 3 GC/MS @
AFACEIZEALRRE, my /v AORENREE LD, SEHER LR ORBHA 1~2 pL 2 GC/MS 0l
ALTHEERTV, RELEESR LY OEREEITOWTE SIM 2u< b T 0587,

AR BEPDEDO I ODERF—AF O VEBOMELZRD, £ 3 IORTRAEELLSIE
— BT HILERRB L. #e OBRGEEIL, 0yl ADF=S—F 3 FIVOFEREIT T

BEoaH

IR Fik oy s R FRICLD SIM
Sy HERE 110,000 LA L
AZAGE BT ER A AL (D
AZ LI 140 eV

A4 ALER 600 pA

AR LB IR B 1 280°C
AZMEEE K 10kV

SIM A #i:1s AT (100~120 ms/ch.)

BIESHE 1 _

5wt 8 4 PCDD & Bk, 1,2,3,7,8-PeCDF, 1,2,3,4,7,8-HxCDF, 1,2,3,6,7,8-HxCDF,
1,2,3,4,6,7,8-HpCDF , 1,2,3,4,7,8,9-HpCDF , OCDF, PCDDs 4% [@ & & ,
HxCDFs [ &k & O HpCDFs & ,

i Z LiF Y EZY—HT L (J&W 3 DB-5MS, N4 0.25 mm, X 60 m, BE 025

pm)
Fx U —HR:He 1.3 mL/min
AT LR BEAERE 130°C (2 &R . BB 30°C/min, 200°C, & 5°C/min,
220°C (16 43 ¥F) , HE 6°C/min, 300°C (18 73{&E)

OB E A F R AT UYL (908)

RUBHEL B IE B 1 280°C

SIM 7 —71{k:
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1 (20.0~32.0min) : TeCDF (M, M+2) , Cy-TeCDF (M+2) , TeCDD (M, M+2) ,
B ,-TeCDD (M+2) , Lockmass (330.9792)
2 (32.0~36.5min)} :PeCDF (M, M+2) , °C;;-PeCDF (M+2) , PeCDD (M, M+2) ,
BC,-PeCDD (M+2) , Lockmass (380.9760)
3 (36.5~40.5 min) :HxCDF (M+2, M+4) , PCip-HxCDF (M+2) , HxCDD (M+2, M+4) ,
B0,-HxCDD (M+2) , Lockmass (380.9760)
4 (40.5~45.0min) :HpCDF (M+2, M+4) , PC;;-HpCDF (M+2) , HpCDD (M+2, M+4) ,
BC,-HpCDD (M+2) , Lockmass (430.9728)
(45.0~50.0 min) : OCDF (M+2, M+4) , *C;-OCDF (M+4) , OCDD (M+2, M+4) ,
BC,-OCDD (M+4) , Lockmass (442.9729)

Lh

BIESH 2
Sy WY Rt B 4 E : 2,3,7,8-TeCDE, 2,3,4,7,8-PeCDF, 1,2,3,7,8,9-HxCDF, 2,3,4,6,7,8-HxCDF ,
TeCDFs FEEM & T PeCDFs EEE
A 5 APV 0T 5 (J&W B DB-17, A 025 mm, £X 60 m, BEE 025
pm) '
Fv Uy —H Z:He 1.3 mL/min
BT AR EHMBEE 130°C (2 o&E) , HB 30°C/min, 200°C, Fi 3°C/min,
280°C (36 4y - 5F)
AEHE A HERFUvRR (905)
SRk A TR B 1 280°C
SIM 7 A —7 14k
1 (20.0~35.0min) : TeCDF (M, M+2) , "’C;-TeCDF (M+2) , PeCDF (M, M+2) ,
13¢),-PeCDF (M+2) , Lockmass (318.9792)
2 (35.0~50.0 min) :HxXCDF (M+2, M+4) , Cy,-HxCDF (M+2) , Lockmass (380.9760)

PE Sl 3
45 7 % B2 ¥ H . Co-PCB & RIEMK
BT AFEIY—HTA (J&W L DB-SMS, P& 025 mm, £ 60 m, BUE 0.25
pum)

F ¥ —H 2 :He 1.3 mL/min

BT AR R ECOBEE 130°C (24%F) , R 30°C/min, 200°C, HIB 5°C/min, 220°C
(25 43 HE) , BB 6°C/min, 300°C (20 53R FF)

OB A FE ATV X (905)

FRBHE O\ BRIR E 1 280°C

SIM # 71k

1 (18.0~26.5min) :TeCB (M, M+2) , Cp-TeCB (M+2) , PeCB (M, M+2) , HxCB (M+2,
M+4) , Lockmass (330.9792)

2 (26.5~37.5min) :PeCB (M, M+2) , *C;p-PeCB (M+2) , HxCB (M+2, M+4) , HpCB
(M+2, M+4) , Lockmass (380.9760)
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3 (36.5~40.5 min) :HxCB (M+2, M+4) , °C;-HxCB (M+2) , HpCB (M+2, M+4) , OCB
(M+2, M+4) , Lockmass (430.9729)

4 (40.5~45.0 min) :HpCB (M+2, M+4) , *C;,-HpCB (M+2) , OCB (M+2, M+4) , NnCB
(M+2, M+4) , Lockmass (442.9729)

# 2 EoH-AAOREE B

—_ +§3\ﬂfﬁ%%’§ +(na‘cive) i i PIEYEN E B i
M {(M+2) (M-+4) M {M+2) (M+4)
TeCDDs 319.8965 321.8936 331.9368 333.9338
PeCDDs 355.8546 357.8516 367.8949 369.8919
HxCDDs 389.8157 391.8127 401.8559 403.8530
HpCDDs 423.7766 4257737 435.8169 437.8140
OCDD 457.7377 459.7348 469.7780 471.7750
TeCDFs 303.9016 305.8987 315.9419 317.9389
PeCDFs 339.8597 341.8567 351.9000 353.8970
HxCDFs 373.8208 375.8178 385.8610 387.8580
HpCDFs 407.7818 409,7789 419.8220 421.8191
OCDF 441,7428 443,7399 453.7830 455.7801
TeCBs 2899224 2019194 301.9626 303.9597
PeCBs 325.8804 327.8776 337.9207 339.9178
HxCBs 359.8415 361.8385 371.8817 373.8788
HpCBs - 393.8025 395.7995 405.8428 407.8398

HEKERERYE (PFK)

318.9792 330.9792 380.9760 430.9728 4429728
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% 3 A AFXLUEORBRMAEELL
(%)
TRt & E  (native)

IR G § M+2) (M)
TeCDDs 77.43 100,00
PeCDDs 100.00 64.69
HxCDDs 100.00 80.66
HpCDDs 100.00 96.64
OCDD 88.80  100.00
TeCDFs 7755 100.00
PeCDFs 100.00 64.57
HxCDFs 100.00 80.54
HpCDFs 100.00 96.52
OCDF 88.89  100.00
TeCBs 77.68  100.00
PeCBs 100.00 64.45
HxCBs 100.00 80.43
HpCBs | 100.00 96.40

() 5 —ZHAT
A) BWEBROER
ERFEOMECIVELNF 0w b T Z 5 DWT, oI 8WmE () ORISR T 57— Ty 7 AR
A7 ANEEYE (C) IR T ALY —7EE(A) O R UEREPOESTRHBME L) — Ty T RN
A7 APEEYEORE(CQORERVT, TRICLVHEMEERK (RROZEHLL. 5 BBOAIRE
R DWTRYIEL 3 ERIEL, BH L RRF ZFH L.

¢ Cos AL
C,  Ag
TR ERE k(LU RAR) O ERE
Cos BHEFROIY—0TyvT AL/ NEREREORE
C, AR OBV B IEORE
A, AR R O R RPBE OV — VB
Acs B RO T T A7 IR Y E oY — Z TR

B2 2 TP A7 FRNIEEME O NP2 7 i RE Y E (S8 108+ 25 R E 4
# (RRFgq) 2 ICIDEH L.

k

. Cs A
RRFSS = ‘—"—'Cfs X ——ACS
s 55

RRFee 1 ZU—LTo7 A7 FAPVIEYEME k(LU BI4R) oA AR B R e
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Css BB RO A Y AN PR
Ces R OI) - Ty T RS NERYE OBE
Acs ABHEIRP DI T oS RS2 A PE R B DY — 2
Ass B BN DALY PN BRI O 7 TR

B) EIREORME

REHEEOREICIVBON I/ ne b I MBI APV~ T o ARV BB T O — I
LV DALY NBE R EOY— 7 BEREO R USRS T3 B ERELZANT, kRRizksy
=TT ASA Y FANEEREY B OEIE (rec) R EL, BIABBEICBITAEIIEL RO,

sz]éstssx 1

p y x 100
Ags Qg RRFg

rée

rec’ Y= Ty PR FREEEE b (CUF RS OEIILE (%)
Acs BRBNEIR R D2 Y T S AR BB R OV — 2 TR
Ags BUBHATR R O Y DAL S B R O — 2 E
Qss BB R DL PR FANE RN E OTEME (pg)
Qcs BRERIE R 02— T P AN R NE R E OWIME (pg)

RRFgs  HRERERICROIIV—0 Ty T AR BNEBEDE O I PRAL7 AR
ER A S Y RS TR S

C) &

REHA OB ECLVBONT /b I8 ECESH N BYWER OB TB2)— 0 T F AL
RAABEMEOY — 72 R BEY, FOHEM LR OIS 33 mEAEER BT, kickosxkpho
ESWMBRYWEHOBELEH LR, 2 2OF=F— A3 TR TELN S B ES Y LT,

koA Qs 1
Afy RRF* W
C' W EWE k(UUTRER) ORE RIEE (pg/2)
A, REHE TR R O R S E O — s E
Ags  BRENEIEROIY LTy TR 2 FINEE R O — I
Qps RBHHIRICEMU 2 — 0 T o7 2347 R R E O & (pg)
RRF BREREMBICROESTRBYEO IV T T AN A7 ANERGE IS TS
MR R
W FUBHER AR (g)

k

D) BitLE~OHBE
RAEZRANT, BB HOF AL B0OEMHSE (TEQ) K. i, B MG (TEF) ix
2005 ££{7 WHO MBRBLE (F 4) B Rz,
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TEQ = ch x TEF*
k

TEQ BRBEPOL 4% 4D 2,3,7,8-TeCDD BIEEE (pg-TEQ/)
c* MR RE K (GLTRER) OREBIRIRE (pe/e)
TEF {5 WES8mED 2,3,7,8-TeCDD B S MR

# 4 EOWSRMEOFRHEMEE (WHO, 2005)

_ ONRZRE TEF ST B PIEAUPAC No.) TEF
2.3.7,86-TeCDD T < 3,3 4,4 -TeCB@IT)| 0.0001
1,2.3,7,8-PeCDD 1 IF 3,4,4' 5-TeCB®SD|  0.0003

o | 1,2,3,4,7,8-HxCDD 0.1  Nb 3,3 4,4 ,5-PeCB(#126) 0.1

A [71,2,3,6,7,8-HxCDD 0.1 O [ 33 ,4,4,55 HxCB@#169) 0.03

& [1,2,3,7,8,9-HxCDD 0.1 2,3,3 4,4 ~PeCB#105)| 0.00003

1,2,3,4,6,7,8-HpCDD| 0,01 2,3,4,4 5-PeCB(#114)| 0.00003
OCDD| _0.0003 £ 2,3,4,4 ,5-PeCB@#118)] 0.00003
2,3,7,8-TeCDF 0l RF 2'.3,4,4 ,5-PeCBH123)] 0.00003
1,2,3,7,8-PeCDF|___ 0.03 X L | 23,344 ,5-HxCB(#156)] 0.00003
2,3,4,7,8-PeCDF 03 WY 933 44 5 HxCB#I57)] 0.00003

. | 12,3478 HxCDF 0.1 2.3 ,4,4",5,5-HxCB®I6T)|0.00003

& [ 1,2,3,6,7,8-HxCDF 0.1 23,3 44,55 -HpCB(#189)] 0.00003

£ | 1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-HxCDF 0.1

1,2,3,4,6,7,8-HpCDF| __ 0.01
1,2,3,4,7,8,9-HpCDF| ___ 0.01
OCDF|__ 0.0003
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AR

B Yy 2 AL —H

CS &

A

BB LR

EBEVIFNIT LI T 57 40—

MR IR e (=B wi?) Fae h 57 40— [ 47 ]

SS #&Im

v

GC/MS i LA RIE

1 BBHROF A2 E O D OB kO

3 BRREUEESR

1) S O

RO FHE T, BEE Yy 72 —R WEEAETE, BN SN DT Lrawh 57 B NEE R
VIR NAT LI b I 7 0B R S EL TREBREFAR T2 L0k Tn5S, o1 (| 1
B )

UL, Yo7 AL —H T 16 B &R VIIHB 2 EL, OEAROTHRSEEL2E05L3 BE
U EOHIFEZETS. 200, REBEMHEBLH O CHHESROERERI L. $i, &5 Eath
BT B RRECR T CEA0, S ENEEICEAT ALY, REBMEAE
NAZLILEST, LR ERMERRIRTER LIRS,
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EPA Method'? T}, 4184 7 ¢> PCDDs/PCDFs O {I ML s %%, $ic, PCBs ORIEHIIA~F
Ho—TErr (1+1) 2R VTWE, &, RBFOZ X - EBOERBEENARIA 1T, &
ARG N A s R E AL CRY, B I~ -T2 (1) THDS. RAAR
SA-OFERBOEBAHERO—FEL T BEDYHESRE, RE, BHEERNSE, BREFENKL
B D IR OEREL PEREILTVAEY, BIRIEE R UV RIE, BAGEIIL > THRELERREEREYH
BEETob 0%, B OHEY I E B A M2 MR RS 0L O THY, CoR ATEOBERICER
BLTWEEEZLND, LoT, BRES R VEWIBMLF A3 R 555 EEUT, EEEE
FHEB L B O~ — T ERA141) ROV LA ORI DWW TR O LBV L.

HEB R DA A A0 88% 2 3) (D A) BEEERBICL~F Y~ 7 b (14D THELE. £, R
17 2 3) () B) YuZ AL —Hic L0 il Ui, ~ 39— 7 b (1D ISR SR IR 2%1E40
SR AR T & FIRIC L0 7 bR EL, Moo kA M IR R R LS R R E L,
UTFARBILLTIRE P OF 14%0& BEERE, AEERERCEEEEERDE.

FORER, F 5 OLBY, ROV AL —HMBEOEBEICERLTAFF TR 0+ DTS
EEES RO R BEIL 78~128%ThHY, MM FERICIAEXALIRD T, 28, V- T v
A7 RN BRI ORI E L 80~118% Th -7z,

738, ML AR L RA, MG ICE BROKEYAEHL, BEAE 2o TLEIZEDD
I EENE RRICE LT AEENhoM. e, EAER M—‘m%mfcﬂ't%#izmﬁwr
WEEThoTn, Z0, Mo AT HEEICIDES Wb OLHIFL, ~F ¥ —7 ke (1+D 20T
DHRERTDHIEELT,
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&S BRI ISERER YOI X O R EESE~DE
' Yoy Rv—Hit A I

BiE M AR —TERA(14])
Bk EETR EEiE EEE  EaY
(pg/g) {pg/e) {pg/g) (%)
PCDDs 2,3,7,8- TeCDD 1 0.6> 0.5% =
1,2,3,7,8- PeCDD 1 2.5 3.2 128
1,2,3,4,7.8- HxCDD 2 2.8 2.8 100
1,2,3,6,7.8- HxCDD 2 10,4 9.5 91
1,2,3.7.8.9- HxCDD 2 6.6 6.2 94
1,2,3.4.6.7,8- HoCDD 2 171 140 82
1,2,3.4,6,7.8.9- OCDD 3 3340 2970 20
TeCDDs 619 563 91
PeCDDs 129 122 95
HxCDDs 82.4 84.4 102
HpCDDs 349 272 78
PCDFs 2.3,7,8- TeCDF 1 4.0 3.4 86
1,2,3,7.8- PeCDF 1 2.9 26 92
2,3,4,7,8- PeCDF 1 4.2 4.6 108
1,2,3,4,7,8- HXxCDF 2 6.0 6.2 104
1,2,3,6,7,8- HxCDF 2 6.0 5.8 9
1,2,3,7,8,9- HxCDF 2 0.62 0.5% —
2,3,4.6.7,8- HXCDF 2 8.5 7.8 88
1,2,3,4,6,7,8- HpCDF 2 56.1 56.9 101
1.2,3.4.7.8 9- HpCDF 2 56 5.1 9]
1,2.3,4.6,7.8.9- OCDF 5 138 126 9]
TeCDFs 81.4 68.6 84
PeCDFs 65.0 66.9 103
HxCDFs 69.3 70.0 101
HpCDFs 126 126 100
LA b 3,3,4,4- TeCB (#77) 2 225 200 89
Co-PCBs 3.4,4'.5- TeCB (#81) 2 14.0 11.7 84
3,344 5- PeCB (#126) 2 23.6 21.5 91
33'4.4'5.5- HxCB (#169) 2 46 40 87
E/ANE 2,3,3'4,4- PeCB  (#105) 2 753 751 100
Co-PCBs 2,34,4.5- PeCB (#114) 2 96.4 109 113
. 2,3'4,4'5- PeCB (#118) 2 1720 1910 111
2.3.4.4'5- PeCB_ (#123) 2 459 442 96
2,3,3'4,4'5- HxCB (#156) 2 478 412 86
2,3,3,4,4,5- HXCB (#157) 2 122 105 86
2.3'.4.4'5,5'- HxCB (#167) 2 133 123 9
_2.33'4.4.5,5- HpCB (#189) 2 343 32.3 94
EHM%E  PCDDs+PCDFs (TEQ) 12.3 12.3 100
Co-PCBs (TEQ) 2.6 2.4 91
#at (TEQ) 14.9 14.7 98

1) YuZAL—HiHOEBRESICRTAEE
2) BEERTRERRE, RE TR EOREE
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2) ERBHEUAEWVEZEWV:- 2 FEBORERUEESEOLLE

BIRIBE R UV BIS BT DR E R R B LR OY y 7 2L —HIHED 2 FiEEHETLED,
FHTRIEERL (12 B8R ROV WB (LRE) 120, ZThFhOFECRILEL, GC/MS THF 1A% 08
#HEL, PCOD+PCDF B4 8, Co-PCB B L EBR URBHSREFEH L.

WL BEEE TREL LOSTHRYEOFMEERCEEBEERITONT, WOLBYEITL
oo R, BEREREEROEEOY /AL —HIBECERERVERERICOWT, HRES (B
2 B8 3) BVERL CHEMRE R R, ZOME, £ 6 RONT 0Ly, & EMEEOREETEIOTIY
0.945 Bl _ETHY, BHEERIZEB T PCDDs+PCDFs T 0.984, Co-PCBs Tk 0.966, ¥AEHTiL 0987 T
BHY, Yo rAL—fHELERE R A ENSELNEBEEEOBICIBEVIECHBESRENTE. 2,
EREHTIMLIEZ )~ T o7 AR 7 BB DB O BRI 72-118%THY, REEEOREE
CHRESLTOAEREOME RN Thotz. ¥z, WTFhOREHI B Th~F ¥ — 7T (111255
I IR B LB 2+ IO LIn L0, GOMS 2B Ay v At g —iFih T, F 4% 1R
DFE I ESN DT

Ll Eornldh, BEEEHHECBOTY, Yy AL —HHELRSRL S CIHRER L2V ER
B AZH L BRI TR BN ot E, BIERERHEERVEIEICLY, koY vy AL —
R E IR OBRME 3 HLE THoN, EERFRITE 7 IcEESh, RREEORE SR,
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R6 EEBEHHE Oy AL —HIC LD BRI R OX A2 AR R RO ERED

Bl E R
Rtk F—ziD MRS ffEa 81 Hb
(PCDD)
2,3,7,8-TeCDD 0 e — -
1.2,3,7,8-PeCDD 26 0.951 (0.991 -0.049
1,2,3,4,7,8-HxCDD 0 — o —
1,2,3,6,7,8-HxCDD 24 0.978 0.958 -0.590
1,2,3,7,8,9-HxCDD i6 - — e
1,2,3,4,6,7,8-HpCDD 26 0.978 0.972 -2.599
1,2,3,4,6,7,8,9-0CDD 26 0.976 0.905 25,56
(PCDF)
2,3,7.8-TeCD¥ 26 0.975 0.895 -0.221
1,2,3,7,8-PeCDF 18 0.990 0.942 -0.076
2,3,4,7,8-PeCDF 26 0.945 0,934 -0.007
1,2,3,4,7,8-HxCD¥F 10 - e -—
1,2,3,6,7,8-HxCDF 0 - — -
1,2,3,7,8,9-HxCDF 0 — — -
2,3,4,6,7,8-HxCDF 16 - — -
1,2,3.4,6,7,8-HpCDF 26 0.990 1.018 -1.268
1,2,3,4,7,8,9-HpCDF 10 - - .
1,2,3,4,6,7,8,9-0CD¥ 24 0.990 0.975 -0.735
(/>4 L+ Co-PCB)
3,3%4,4-TeCB#77) 26 0.999 (.989 -10.60
3.4,4",5-TeCB(#81) 24 0.999 0.858 0.659
3,3',4,4".5-PeCB(#126) 26 0.980 0.886 (.826
3,3.4,4'.5,5-HxCB(#169) 12 -
(F/7 )Wk Co-PCB)
2,3,3'4,4-PeCB(#1035) 24 0.997 1.024 -17.60
2,3,4,4',5-PeCB(#114) 26 0.993 1.115 -1.098
2.3.4.4,5-PeCB(#118) 26 0.993 0.930 40,22
23,44, 5-PeCB(#123) 26 0.99] 0.948 0.782
2,3,3',4,4'.5-HxCB(#156) 26 0.982 0.881 15.54
2,3,3.4,4.5-HxCB(#157) 26 0.981 0.845 4.698
2,3,4,4,5,5-HxCB(#167) 26 6.978 0.903 0.945
2,3,3',4,4',5,5-HpCB(#189) 24 0.967 0.828 1.928

D BERERH (1285 EUV-WIEQRE) 2FEEL. EEEETRULOEEES e LT,
2) 20U LD HEET — ZEic W T ER B R OHEEME R R T,

7 EEEERRE R Y v 2 AL~ EASRBH R OF A4 S E RO

ERERY
Rtk F—ziD AR X EIHD
PCDDs+PCDFs 26 0.984 0.992 -0.587
Co-PCBs 26 0.966 0.904 0.045
¥R 26 0.987 0.991 -0.642

1) {FIEIEEH (128 R UV WBE (IR 2 ERL. BEEEE TR EDERENI S
BESEPEHL CRIRERE CHEBGRE LR,
2) 2000 Lo tEE T — 28 W TENR B U BMR R R T,
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B2 AR LA A VAR OEEFE O
K. o7 AL —HIC I AR
i SRR E R
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w8
B 22
y = 0.934x — 0.007 &
6 20 yﬁ1018x~1.268
i5
4 .
< SO 10 |
<
2 -
5 L
0 - ! 0 . ; . ,
0 2 4 <] 8 0 5 10 15 20 25
pe/e PE/E
72,3,4,7,8-PeCDF 8)1,2,3,4,6,7,8-HpChOF
80 - C] -
g o~ 1500
& v = 0.975x% — 0.735 B y = 0.989x ~ 10.60
40 + 1000 +
20 + 500 +
[#] L : 0 L s
Q 20 40 60 4] 500 1080 1500
pe/e pE/E
91,2,3,4,6,7,8,9-0OCDF 10)3,3°,4,4'~TeCB®HTT)
w 80 w 30 ¢
E ¥
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B2 BRI L BY A3 %V ARRME RO E BEO S (5%)
M Yy AL—HHIC LA ERE
fitddh: AEEEmE ISR
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2500 |

pe/s

2000 ©

y = 1.024x ~ 17.6
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pe/E
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E
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100 +
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B42 fhHFIRICEAE AZF L B AROERBE O (i)
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foEdh: BB IAERE
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y = 0.828x + 1.928

PE/E
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0 ‘ ) ' 0 20 40 60 80
0 50 100 ,,;/5;} pe/e
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B2 it H B LAY A A% L AR B FE B E o Bl (i)
HEh VoAb ERE
e, BEREEHRHIC A EEE
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3y BrTElER

BRI ARBE U EAHER TR, BIRIEE 5 BEEAWT, T EnoEEHC o
W3 EEDEL TN ET >R RN LEMEEREL RO, ZOFRER 8 RU9ITTT. BERK
BOEBEIORD BN ERFERERIL, 0.7~247%THY, BHEEIORD MBI ERFEIL
PCDDs+PCDFs T 0.9~4.9%, Co-PCBs T 1.9~4.7%, ¥ & T 0.5~4.6% Th-7z.

8 EEBE AR ISR ELRROE BEOTIE LR RE

1 2 3 4 5

T MSENE TPIRET ARGRET ol AU TEME AREDE O FE daNBw
il ey 00 em  BEGH  Gen  BECH o) BEG  rp  BE
(PCDD) _
2,3,7,8-TeCDD e - - - - - 1.6 8.3 - —
1,2.3.7,8-PeCDD 1.6 18.9 P - 3.6 5.1 3.7 11.4 3.5 16.8
1,2,3,4,7,8-FxCDD - - - - 3.2 15.3 - - — -
1,2,3,6,7.8-BxCDD - - 2.8 11.3 8.8 8.1 10.7 6.1 17.9 6.5
1,2,3.7,8,9-HxCDD - - - - 5.5 8.7 6.4 2.1 9.1 6.5
1,2,3,4,6,7,8-HpCDD 3.7 45 35.4 10.1 135 6.7 79.9 2.4 159 5.1
1,2,3,4,6,7,8,9-0CDD — — 501 18.4 1020 5.8 460 6.8 1410 5.5
(PCDF)
2,3,7,8-TeCDF 2.0 1.9 1.7 9.7 2.6 94 132 6.1 93 6.5
1,2,3,7,8-PeCDF 25 24.7 — — 14 18.7 53 12.7 - —
2,3.4,7,8-PeCDF 3.4 13.4 1.9 15 2.3 8.2 59 5.6 1.8 12.8
1,2,3,4,7 8-HxCDE - - - - - - 52 4.2 - o
1,2,3,6,7.8-FHixCDF — - - — - - 4.3 122 — -
1,2,3,7,8,9-HxCDF — - - - - - - - - -
2.3,4,6,7,8-HxCDF - - 3.3 3.9 2.8 3.4 5.8 6.0 - -
1,2,3,4,6,7,8-HpCDT 24 42 135.4 8.0 11.0 8.6 20.6 0.7 10,2 6.8
1,2,3,4,7,8,9-HpCDF - - - - - - e - — -
1,2,3,4,6,7,8,9-OCDF o o 14.4 7.3 13.2 8.7 55.5 53 14.2 10.2
(/A Co-PCB)
3,3 4,4 TeCB(H#TT) 71.5 3.4 112 14 132 2.2 1370 5.8 1420 4.1
3,4,4,5-TeCB(#81) 10.9 40 6.5 44 8.5 8.0 69,9 47 67.6 5.4
3,3'.4,4',5-PeCB(#126) 83 3.6 8.5 4.7 20.5 4.7 16,0 25 35.] 1.7
3,3'4,4',5 5 HxCB(#£165) o e — - 4.1 8.2 20 52 4,5 7.0
(=& /7 Co-PCB)
2,3.3' 4.4 PeCB#105) 167 2.2 305 4.4 591 7.3 203 10,0 1646 3.7
2,3.4.4,5-PeCB#114) 11.4 9.3 28.0 5.5 74.5 32 283 7.5 193 10.8
2,344 5-PeCB(#118) 420 43 750 3.1 1590 2.0 3550 43 3000 9.8
2',3,4,4,5-PeCB(#123) 9.0 17.2 16.9 11.3 40.4 1.8 96.5 9.5 88.0 7.1
2,33'4 4 5-HxCB(#156) 44.5 5.5 132 10.3 287 10.1 293 36 602 44
2,3,3,4,4 5 HxCB(#157y 110 14 312 1.8 79,7 2.7 64.6 2.3 139 3.1
2,3'.4,4,5,5-HxCB(#167) 204 2.5 453 2.7 108 9.8 105 1.5 181 9.7
2,3.3'4.4'5,5-HpCB(#189) 34 9.0 79 9.3 23.6 4.7 20.5 5.7 55.5 9.2

1) FEIRAEA (SR fh) 2 SEIENEL TERL, BEER TR EOE BT W CRER VR FERERRD,

Fo MBBRSMIRIC L AR0EL RBOBEEE ROV HEL NN EERE

1 2 3 4 5
PHERE BN SRS ARNHEN WSS NEEE  SESR ENER BRSR esn
R (pe/e-TEQ) fR%" (%) (ry/wTEQ) {BEGH)  (paeTEQ) {HEGY  (ueTEQ) 20  (oeTEQ) HELY
PCDDs+PCDFs 5.2 3.0 4.4 49 9.6 0.9 13.3 a2 1.1 4.5
Co—PCBs 0.9 3.1 1.0 4.3 23 4.7 2.0 1.9 4.0 3.4
e 6.1 2.2 5.4 4.6 11.8 0.5 15.3 3.9 15.1 4.0

1) I5IEARE (511 2 3EBVRLCERL., BIRERETHRA LOFEE, D
BESESE ML TTOER CHMEREERRDE,
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(4) LA EORRDD, HRES R GICOBARNLS A% L IH T2 F B LT, SEE il
EREH AR THhDLI b ot

X W

1) FAZFRT B RBHEEEETS BRI FE 128278, 4% 433 5 (1999)

2) B, L8 FAAFI BOURSTHAA BICE RSO RSN E R4S i E
WE LU TOER, ESLEHHE, 116, 1~12 (1998)

3) JISK 0311, $EH AR OF A4 XL ARORE FH (2005)

4) JISK 0312 THEAK LRI KPOF A FXL EBOBIEFE (2005)

5) BEAEAEHERELBER . ERLPOL LI BONEFEEENARIA, ERK 204FE 2 A
(2008)

6) BAEFBHE HHUETE-REEYROEINCHEEREDICRILEOREFE, BEE2EERE
192 B, EEL 4487 A (1992)

7) BEFAERSBIEEER SR VBB A T REENE =T, R 12 £ 1 A

(2000)

8) BMKEELERTELHBRERN FEHTOL IR VEOEREEENARIA, ik 15
6 H 2 B, 154£F% 1725 5 (2003)

9) BHKEREEERSENAHRRBN ERNFTOFMIX L BOEBEEENARSL OEEK
BAZOWTC, L 164 11 B 24 A, 16 %5 5299 & (2004). (—ERE), 17 L HE 12544 &, ¥
B I84E3 H 24 B (2005)

10) [WZERIEK, MBE-—, BHBIR SEFFERE, 29, 84~113 (2004)

11) BFHTE, FE T ARETERS, 29, 150~159 (2004)

12) U.S. EPA Method 35454 (2000)



HR-GC/MSIEIT EATETRIBELR Oe IR R D& A 4% L 48R E  — BRE M HEo®AE— 113

Evaluation of an Accelerated Solvent Extraction Procedure for Determination of Dioxins
in Sludge Fertilizer and Compost Using a High Resolution Gas Chromatograph/Mass
Spectrometer (HR-GC/MS)

Jun OKI" @, Yuji SHIRAI' and Mariko AIZAWA'

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
% (Now) Food and Agricultural Materials Inspection Center, Food Safety and Consumer Affairs Information

Bepartment

A simple and rapid method for extraction of dioxins (polychlorinated dibenzo-p-dioxins (PCDDs),
polychlorinated dibenzofurans (PCDFs) and coplanar polychlorinated biphenyls (Co-PCBs)) from sludge
fertilizer and compost was developed using an accelerated solvent extraction (ASE) procedure and a high
resolution gas chromatograph/mass spectrometer (HR-GC/MS). Dioxins in samples were extracted by the
ASE procedure, pressurizing samples at 1500 psi with acetone —hexane (1+1) at 100°C using ASE-300
instrument, These extracts were treated with concentrated sulfuric acid, and were cleaned up with a
multi-layer silica gel column. The effluents were cleaned up with an active carbon-dispersed silica gel
reversible column to obtain mono-ortho PCBs fraction and PCDDs+PCDFs+non-ortho PCBs fraction. The
dioxins in each fraction were analyzed using a HR-GC/MS, and then toxic equivalents (TEQ) of
PCDDs+PCDFs, Co-PCBs and the total value were calculated. The developed method produced
concentrations of each isomer and TEQ values almost identical to those produced by the conventional
soxhlet extraction method in a wide concentration range. The relative standard deviations (RSD) of each
isomer and TEQ values, which were obtained from 3 replicate analysis of 5 samples of different sludge
fertilizers and compost, were 0.7~24.7% and 0.5~4.9%, respectively. The ASE procedure was evaluated
and successfully applied for determination of dioxins in sludge fertilizer and compost. The evaluated
procedure is a simple and time-saving procedure and consumes less solvent in preparing samples.

Key words  dioxin, sludge fertilizer, compost, accelerated solvent extraction (ASE), high resolution gas
chromatography/mass spectrometry (HHR-GC/MS)

(Research Report of Fertilizer, 1, 90~113, 2008)



114 BRELERZEE S Vol 1 (2008}

8 HRYOTKISTEESME (GC/MS)KIZ&AIEKhD
SRR UVFOREEYMEO R BRE

Eﬁ:%@‘kl FeA 12}
F—J—F  AZI, B, FRZuw IR RSIE

1. ZE®HIC

ATINE, RBEOEFERPOBLNHEDTHY, TWHIEOFEMEILLTHVLLATHS, iz, A
FDEEERBEITEVT Ry ~R; DO-NH, 28-0H B &b BIEY (M 1) BEFRIER8H5, A5
EROE R, DEPITRCTEBE LV RS, IBSHH TER, FF — ik TR
ZRCTATDIVPBALCIESE ST LEEE, EE2ELLTHERSK TRESNIHOO, FRdhi
ERTISCIBBRBED 2, Lo, A7 AFIVRTEOBEDE) ORNIEE O RE
?&‘iﬁi?éﬁémk#b AT EERTHRBRBES LB -,

BRI A OB, v R T — R R OB AR OATIL OF R <M T T BT E (GC/MS) &5
ARZY == 7 FDA Ik (Version 2.1) VIZIN#E &N TRY, AFIERENEh 10 BT 50 mgkg H
SNERBE H W EIRBRERSTHRIN TS, LLERG, B%DAZI SRR ASILIRENICE
A5, AZI B0 R, BEORHCERSh OB ES I EH~ 0O B SR
TOLENRDD. LT, ERRH, BRESORBRFEORYMORRBEERLEZOTEORELRE
T5.

R, R, R, MW N&EHZE%)

R4 -
/k AZI NH, NH, NH, 126.12 67
NTN FrAYy  OH NH, NH, 127.10 55
)l\ 4]\ 7oAYK  OH OH NH, 128.09 44
R N Rjz SFXAE  OH OH OH 12007 33

1 AZIROFOBEESE o ER
2, MERBRUHE
1) SO

LT, RATHR, REMNIIES, BEFREES, BA B E MEREEY BBE 500

VISIATEIE A BAOKE M B Z S EHT L S — BB R 2 R
P MIATEIRABRMKENR RSN o7y — MR R OEER
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pm O 5BNESBTAETHEELCHBETHRL, BELToRE LU, HREHTT=— A RIZA
h, BB TRELE.

2) BESFORA

(1} 7k: MILLIPORE Milli-Q Academi A10 CHBIL K.

(2) 7eh=bUA: JIS K 8039 IZHETHE B EE-PCB 3k A (BBHE 300) REE,

(3) YVxFATIL: R

(4) ©Vr (A HHEE 99.5%2L bR UK 4y 0.05 mg/mL ELFOBE#E R ERE. 2, BE#
FRde YA (EK) R A MR TERLUTRE L.

(5) FHEMAERE: CRGPIAF AV NTZAFuT I TIR R AF L Iaai-F(99+1) 1T,
SUPELCO M LARFE STV A BSTFA—TMCS (99+1) % A\ e,

(6) ATILEEEMER (0.5 mg/mL): ATI[C3HNe] (Fose iz T¥), 71 AU [CHN;OT (BRI
BT, 7 AUR[CHNGO, ] GEEALR TE) B O 7 X0V [CHaN;05] (R EE) &40 0.05 g &%
NERODIHBRIICEY, FOBEEY 0.1 mg O ETHRELE. PEOVFATIL —K (1+4) THIPL,
FRENERETTA2 100 mL KB LA, RS TEBEEML .

(7) BAEYER (50 pg/ml) : B ATIVEEHER (0.5 mg/mL) S mL 22 B 7722 50 mL &b, 3
FTTFNT I — K= T =M (1445 BN A T,

3) BERUVEE
(1) HRZa=WF7HESHTE (GC/MS)
HAZ<wh7Z7: Shimadzu GC-2010
HELSHHE: Shimadzu GCMS-QP2010 Plus
B Restek Rix-5Sms (% 0.25 mm, X 30 m, BE 0.25 pm)
(2) WEERBELRE: ASONE US-4RGEF JICHEE: %5 FE K 40 kHez, 177 160 W)
(3) EE LSS AS ONE MCD-2000
(4) B AR —F—: EYELA CVE-3100
(5) 7. BUCHI B-490

4) FERIEM%

(1) i

SYFTRREE 0.50 g 2Ly, £ ZA 75 Xm 200~300 mL W AN, PmF AT — KT Ehab
UM (1+4+5) 160~200 mL 2%, MERREEBREZHVTI0SEETHELEL, ¥ 1.5 mL 2R 7 oe’r
EGEGIGEYE 1.5 mL i2&, 10,000 rpm T 5 A HELSBELL. ERLIE 1 mL 2E2ETIRAI 5~50
mL 28D, P F AT — K =T Rh= R (14445) BERE T THHBEE L.

(2) FEM&

IR 0.2 mL 2227V — G ERRE 5~10 mL 229, T0COBRER CRIERBEL, 22l EEs
FMaE. EUDL (BK) 03 mL ROWHEALRIE 02 nL #EEHIONZ TRAL, #ELTHEHL
o, T0CAKIE BT 45 SEMEL %, B L TRBHERERELZ.

B BT, IBAEREW (50 pg/mL) S mL 2287722 50 mL 280, BERETCPzFATI ~K~T &L
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ZPUA(14+4+5) MR TRE MR (S ng/mL) 2L, BAERERE (5 pg/mL) 1~20 mL 2287522 50
mL [ZERERICLY), BRETCPEFATIV—K~F = (1+4+5) A2, IBEERER (0.1~5
pg/ml) EL7z. IBAEER (0.1~5 pg/mL) KL FHR OB EEBIERITY, 0.04~2 pg/ml 58

EOREBRAHRSRERERHLE.

(3) &

ERERHBSEEE 1 uL % GOUMSIZEAL, # 1M B 12 0&GcllEdamBEOERB A
(/z) BREL, SNl —/EE TE I DARES A MERR Uz, BUENAE 1 uL 2 GC/MS [TiEA
L, E—ZERE IR ISHoBEHARPOSRERSDEELRD, SWRBDOL AU ES SO TRE

EEHLE.

[ Zhaeosog ]

l i |

|
I ﬁf}é:}%ﬁ |

HIR
I

| 0.2 mL57 B ]

|
W

342 =75 A0 200~300 mL

— PEFATI—R—TEP= R (144+5)  160~200 mL

HE R H 304 [
10,600 rpm, 5478

I mLEAEB7IRa5~50 mLIz &y, g coos
T =K =T Eh=FL (1+4+5) B % 5

AT 2 — e tERERE 5~10mL

Bl AL — & — (70°C)

— VUL (BA) 03mL
- BSTFA—TMCS(99+1) 0.2 mL

BEUUESTS
I HEE( | 70°C, 455508
——
l {ﬂﬂlﬁ’ | HRIu=wh ST EES R

B2 ERROATI R OEOEESEORBRE T 2k
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#1-1 GCMSEHE

(GCER)
e Shimadzu GC-2010 :
AN Rix-5ms (P98 0.25 mm, £ 30 m, IEE 0.25 pm)
HiB & 100°C (1 min) — 15°C/min—320°C (3 min)
SR A TR 27y -2 (1 min)
Ery S N 280°C
KT HA A7 5 1.5 mL/min
A BT 2 RIB 250°C
(MSER)
HEE Shimadzu GCMS-QP2010Plus
A4 fE—F B EEAA L 10IE (ED
A ALERE 0V
A IRIRE 230°C
AR BRIRA AL FR T (SIMD
#1-2 BEMSBMEDTS T A MAA
BIE7Z 7 AP A (mfz)
NEXNSME
E 8 FERLR  WEEAR  RERAE  mERE
AFI 342 344 327 285 213
FLAY 328 345 343 285 214
TAYE 344 346 329 214 198
T VER 345 347 330 215 188
3. HEREUEBRE
1) RIEESE

AGIERR BB S EER (4 2 pg/mL BYE) O GCMS OEBRA A Ora<wh/Z5%H 31T
L. AR, TrAly, TV AIRR O TINVBOESE /R ECHBEERBRE 750 Thol.
0.01~5 pgmL MY EOCRERFRSGEERZARL, REIZE > TREREBIER L. TOFER, 0.04
~2 pg/ml Y EORE CESE O ERLELN.

2) HiHA®

FDA BT 0.5 g 2R 20 mL 2002 THIHL, FREFCHEEERIEOBIELT TR
BHARETRELTWA, Z0E4, DFRESDOATIEOEFEDN 025%2BAALRBROGHEHZ &
B einind, Eir, PoFATI—K(14+4) BT AU 01 g WMA TRERLBLILLIA, TUAY
DR BEE LTV,

ThBOIENS, HH IS 20 mL % 160~200 mL &L, FIZHRIBIE (S~50 ) 2B THEELT,
SOEICHERLEZGE, DFREROAZIE0EEHE 02~10%E7%0, TOERFERRMOATIL
ELMETIESIIERERET I 2B, ATV E0EHE BB TNTH 0% ADEEIISITR
BoOBRRESTICELTRERELL.
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1345.00 (1.00) B44.00 (1.24)
4.0 4.0+
3. 0] 3. 0
2.0- 2.0
1.0 1.0
T T 1 ' L) 3 13 1 I T i 1] 1 } T i T T I T T T £ I T T T T i 1]
7.50 7.75 8.00 8. 25 8.50 8.75
a) LT RN b) P AV
5. 0{x100.000) 5. o$x100, 000)
128.00 (1.27) 342,00 (2.54)
4.0+ 4.0+
3.0 3.0~
2.0 _ 2.0+
1.0 1.0
Y 0.50  9.15
c) TrAYL d) A73

3 AFIROEOEEHE D GO/MS OREER AL (SIM) Ora< 35
AIIVROCTOEEYES 2ng HYE
GC/MS DEIFESRMSE F1-1ERI228RBOLEY

3) ThUYuHADEE

WIROKZLMAT, Kbl T, AR GA), RN TIES &), BESEBREIRE (3 4),
BEaleh(Q 8 BRUMERRBE 3 ) 2R B> CHELELIA, EEPIHIE T AR — 71120
7.

4) FHhnlE e ER

KEWDT, ROTHR, RERMITIES, BEEREIES, BB R MEARIEEHIEMLIEATS
VEOEINEBRBERER 2ICRLE. EOWRB P OATIVEOEEBLELT 10%E U1 0.2%iC2 35512
TNTRIRML, 3 RIFMTRBRLERL2L25, FHEIBRT 92.1~102.9%K U 90.3~102.2%T, +h
DRI LK B R 2 0.9~10.5% R U0 0.9~9.1% Th-7r.
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F2 A7 RO OEENBEOBIEEG R (%)

o ]) AT T AU T AUE T HVER

EHAE Mean® RSD® Mean RSD Mean RSD Mean RSD

KEMEHT 10 101.6 5.3 93.6 3.1 98.1 3.6 98.6 3.2
0.2 1010 2.6 96.3 4.4 96.7 6.0 1001 4.0

ViR B UiF 3 10 100.6 3.6 94.8 4.0 98.1 1.9 97.2 2.7
02 97.5 9,1 99,7 2.6 98.4 14 1003 06

REE I AR 10 9.3 3.2 97.1 21 954 26 921 0.9
0.2 1015 7.9 1022 3.8 99,8 1.1 ’ 98,5 2.3

REHEERES 10 990  10.5 98.2 4.0 96.0 7.2 95.4 5.4
0.2 99 8 7.9 99,2 2.0 96.4 5.1 98.9 2.9

e AEt 10 100.7 2.5 94.5 45 94.6 1.4 96.0 1.1
0.2 92.7 6.6 982 5.1 94.0 4.6 91.5 2.4

ALt 10 1029 59 97.4 5.3 93.9 1.7 94,0 3.0
0.2 96.2 5.8 95,7 3.2 94,0 3.4 90.3 2.6

1) AFEOERE
2) 3RHHTRBROIEHE
3) FRRMEERZ

5 EETEOER

ALY BVWTATIEOER TIRBBORBH LR IIRLUL. SFREPOAZI-SOEH
BELT 0.02%I7d23I0F N ENEMLT 8 AMTRBREERELZLZA, FHEEMET 0.0199~
0.0203% T, ZhHEVIE LR EEERZE 0.0009~0.0013% Thot. B2 TRMEN EEFEE) <10,
7o, M TR GEHEE ) x2xt (0-1,0.05) ELTRENBY DT, KiEOFE R FIRMEE OB H TRIZ
0.01%R K UF 0.005%F B L3 E & iz,

K3 AZIVRCEOBEGEOE S TIROMKRE (%)

e fo & pest EETE BRHEHTE

Mean® SD” HEGE, i ?@ﬁ@m
AFZ 0.02 0.0203 0.0009 0.009 ¢.003
T AL 0,02 0.0200 0.0010 0,010 0.004
T AR 0.02 0.0201 0.0013 (.013 0.005
LT RIER 0.02 0.0199 0.0011 0.011 0.004

1) AZ2BO0OEE&E

2) BEPHMTRERDOEHE
3) EEBRE

4) FEEEREXIO

5) EBHERZEX2(n-1,0.05)
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4. E&O

IR R OAZL RO OEEYEORBBEOR S ERBOTCDORBREER LILIS, >EF0lEY
R T HRREERE.

D SFEEBORRERCHEBEREESEEL, FIARBETEMNTAZLCLY, BEHOAFI
EOEHRE 0%ECERTHILRTEL -7,

2) WIROBEHZOWTATISORELER LR, BEAIHE T ARME— 21372007,

3) ATZIFOEFEN 10%KETF0.2%ITB X5 imUTE 6 BEOIE % BT EI SR EHL
TG R, SEHREULERL 92.1~102.9% K 18 90.3~102.2% T, F 3OO K HE R 213 0.9~ 10.5% &% (7 0.6
~91%Thotr.

4) FIEOATIVEOERETRBIZZREN 0.01%BEL#EEINE.

e, BEOID, MR FEL FAMIC A — b2 DITB# L2 Y,

X

1) U.S. Food and Drug Administration (FDA), GC-MS Screen for the Presence of Melamine, Ammeline,
Ammelide and Cyanuric Acid (Version 2.1) (2007)

2) BWOKEHBERESEH L& — (FAMIC) : A5 OBk
<http:/fwww.famic.go.jp/ffis/fert/sub5_4/L1_1.htm>

3) BHOKEMRRESHM ¥ — (FAMIC) : IEBH 3B (2008)
<http://www.famic.go.jp/ffis/fert/bunseki/sub9_shiken2008 html>
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Validation of Gas Chromatography/Mass Spectrometry for Determination of Melamine and
Its Degradation Products in Fertilizer

Yuji SHIRAI' and Jun OKI"®

' Food and Agricultural Materials Inépection Center, Fertilizer and Feed Inspection Department
% (Now) Food and Agricultural Materials Inspection Center, Food Safety and Consumer Affairs Information

Department

Gas chromatography/mass spectrometry (GC/MS method) for determination of melamine was validated.
Melamine was extracted with diethylamide-water-acetonitrile. The extract was centrifuged and a portion of
the supernatant was removed and dried using 2 centrifuge-evaporator. After pyridine and BSTFA-TMCS
(99+1) was .added, the solution was heated at 70°C for derivatization. The melamine derivations were
analyzed by a GC/MS connecting Rix-5ms (0.25 mm internal diameter, 30 m length, 0.25 pum thick). As a
resuit of 3 replicate analysis of 5 fertilizer samples, the mean recoveries and the relative standard deviations
(RSD) were 90.3~102.2% and 0.6~10.5%, respectively. On the basis of 7 replicate measurements of
melamine added samples the LOQ values were 0.01% for all melamine samples. The results demonstrated

the validity of the GC/MS method for determination of melamine in fertilizer.
Key words  melamine, melamine degradation products, fertilizer, gas chromatograph/mass spectrography

(Research Report of Fertilizer, 1, 114~121, 2008)
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0 BRIEHOFREIZIETTEOFME

MERBT |, AFBR ' BHE O, amg—
KA O, EhaEs !, 5] g MO
F—U—F  HRER, PHER EXREE, REEE, WK, koF

1. ZL&Iz

EE, FORBESEKXLCOAVERIEEL, TORBBRURER, TARBERAELEETHY, HWVE
{ERRBEAITORBELTVELOLEAPERIBELLZRVLOLEL, ZORBITELYEEBY,
BHIAKGBENLOBE D,

HREMIEERRSOEFRLHED UV ORE CREBECER TE1LB8EH ST THEY,
e, [ERBBOT BRIESPOEFELHINIEERSHEDHZVOBLREINTHEY,

AERHZ AT ECVTE, S ARBOREET—HBoREORE2RE, BHEE 500 umOBSEWE
EBTDIETHBTDLLLRSTWAY £, KOS OEHBEFEHBRBERRZEEZ>WTIE, BE
AR T HZLELTRY, KB EE KR T iiEL, ShICBRNIC—BREKEL CHRRE
ETHILEENTVDH, LROBOBEER CRBOFBMIIES TR, KRS UADRSBEL LR
WD, RBERRIIE R TCOFREREITIZEREELVILEZLNAR, BERE R TEITH
ETBIERRDONTHDED, PHEERICHED HICBRENTAIL28T, HEBECEERNL
LHERHS. BUEFEY, REERS CRRULHRERS G 2 PHERE MBI 5L, 8]
BAOHREEREXY, oWRICBTOBELES LY, RERLOBRBEICIARBRADEERS
BOELEMMAI EShD, LOLEnRs, MBCIVERMOOBRORBILIASERIBEOEL
ELsEhs.

ZOZEPD, TREREEZBEETIRMELASTARBEFHERL SO CRELEST R £
W, REEBERUVEREELAEL, RESEOHDBREER CEADBRBEBEOLEICLY, TERRS
ST ECES R ORIV OERE~OBRBEICBITIATFHEROEELHRELE. 3bi, EELEO
BB BEEOCHBRICIVERR S OERICHTAFHHBROEELREL, FHEROSGLRILE
DTHRETS.

2. MPURUFE

1) SR ORAR

DISTITEIE N BMOKEE R RS EN TS — RS R AR
PBNATEOE A BIOKEEHB R RNt 2l by ¥ —

P SIATEOE AR K EN B R SR L —HB R 28R
TEBHRKEERR - KERBERSEHRE
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FAREIROEE R OB O &HFIIE, 40°CT 60~70 MR (4 L &7°D), 65°CT 5~24 BFfE) (i H
ETBYD 2 EEEBRELL. BEAENORRRIICOVT, E&ETTRERLUCEB LRBORE
RREL, THENERBL T RREIE L.

235, BT ORBRMETIL, £ L RUOEE H T CHESE - BRUBRUOTAREZENEN
BB L RURE H, e ThFionfmUMB Lot BREERE W LRl iied s,

(1) BBRUHER _
FEER RSl 7405 — AT 4 AR (300 mm X210 mm X 37 mm)
ERMLEREE v~ R 528 DF62
PRI P Retsch 88 ZM100, Retsch i zM1
32— Oster # Blender
SHBNIIS Z 8801 ESN TS HBRE 500 pm BTV mm DS

() BRBRBOFBRERE
TEIRSEREAEEL 22 A, LIRIBTRIEEL 10 &, RO TRIBRIES 2 4 (534 ) ZRB&H LU Tt
o, RERGIT 23 kg BEEL, U o— ARt AR TEEL, S ARBOREE X TR CRTFLE.

(3) FMEBRREOFOMEREORE

JBEALERRGE 03~-05kg 2 FHDEREY 0.1 g DN ETRIELZE BRI, 0.1 g OHTETH]
Bl BREGERRERVTREL RXE&MHH CHFRERESY, BIBLTERICELE, 0.1 gDIFET
FOEEFNELE.

(4) B

Gtk L RUGH H THFHBBRET>REHNL, BHE 500 pm OS2 2R THETRE LT
WCHBL, IEALCHWHARBERE L. RETDLRP-ERRERIF T —CHBRLEE 1
mm O SEVEEL, 8550 E0REEY BHE I mm OB SANEL2E T 5 ETEE LR THRL,
WD T ORELHE —CBALTHITAREE L.

2) HHEBPONE
(1) HEBERUHER
InERL Ak 438 METTLER TOREDO # HGS3
RERE S RREERREEE LA 2#—8 SUMIGRAPH NC-220F

(2) MEEEKDFHCLARIBREOME”

SRR 5 g ZOHBIMITED, EXR 10 mm BLTFICR2AE58T, 0,001 g DHTECHEHERZRIEL
7o, 100°C CHEAL THAEL, BN ICE R Tof—L, KT OTA—&— (BB OEEERE)
WEDELIBK T &, 0.001 g OHFETCEOEBERE LR, ‘

(3) MEBEELRFLEFTNEEBIIAIRELBRUVEREEONEY

DL-7 AT EAEYE R (FE 99.0%LL E) 2, LTORB TRELBRUVERESELHELT
BRI AR L2 tE, SRR 02~05 g #8Y, RO PORELERUVERSEZEEL
7.
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1 MBEEEERRCERUEEBONESY

BRBE T A B ER SR, WA 99.99995% L1 L, & 200 mL/min

Fp U7 R EEEE A~ A, BEEE 99.9999%L) |, & 80 mL/min

BT T A LU FNRAT L ATG A

R BIREEER R (TCD)

BT AT o] 60 B0, TEBRIABERERR 300 75, BHAURERT 180 B

LR S FRSIF :870°C, SBITIFIRE 1600°C, 2T LR E 70°C, MHEBEE 100C

3) BYRUVEHPOEREOES

(1) MEBEOCRYEIVEFRE~DHRE

1) ) THRONREMEIS @) REY, BHRFEGREZEH L. B8 L RURE H PORELER
UCEZR2RENEECRDBEREERLCRRE B POEELERVRELBOEREELE HL
.

B RBEFE=TREBRCOUE FHERMOEE -+ (2)

(2) HEBOEDLEVEER~OBRHE
2) Q) CRONICBIEEDSL (b) RV, BB REZEH L. REL, BB HREURE WORSES
BEHEEICHEYRBEREEZREUCRRLE (EY) PORELEOFEELEH L.

ROBRARE =B OE R REOERE - (b)

3. BRRUSBR

) REZEOCUDRUVEVEREEORER

BB W T5RE L ROCHOERPORBLEOCEBRECBEGELR 1(2), (ITRLE. BB W
DIRFEEEDBREECHTIHH L RUSRH H ORZELESYBREMEO—RERROEREHIT
0.975 B Tr0.982 THY, GIA X 0.817 RUN0.582 Th-7z. FOMEEE (1)1 0.993 K18 0.99%4 T, Zh
LOEREICHVEMAEDLNT. ZOZLhs, &b L WidSHt H oW ThOFHESBPERL T,
TERERS ORBRG () FOERE~FBLRIESRNEEZLRD.

Fo, BB WACH T 5B L KU H ORBR&E (R PICBITARELBOLBRE 2@), (b)
WAL, M WORBREEEDBREHECH TR LREURB HORESBER MR EEO— K ER
FOENFFHRENT 0.986 KT 0.981 T, 1A 13-0.170 BT} 0.209 Th-ote. £ BERE () 1T 0.995 BX
0996 T, INOLDEREICHEVHEEIEDONE. ZOZEND, & L Rit4&HE HOWEhoFi5Es
ERELTS, FEERSORBER (B b0 RE~BEEY RIS VEEZ LN,
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60 — 60
v = 0.975x ¢ 0.817 v = 0.982x + 0582
r =0.993 r =0.994
’§ 40 § 40
et T
W | i% 20
0 . 0
0 20 40 60 0 20 40 60
il wise) g w(os)
(a) BEFL LB W OB (b) BBt H LB W OB
M1 RELEHMBEEO R
MVE BUBLL:40°C T 60~70 BERT (5 L) PR EIBERE LI otr AR
Sk H:65°CC 5~24 BRI (Hoft: B) Tl er g ims L 44 B ai
Bk WS T T I ER U atr BEE
50 ' 50
y=0986x-0170 . y = 0.981x +0.209
40 r = 0.995 40 ¢ r=0.096
8 30 g 30 |
i T
20 %20 |
10 10
0 ' ' 0 ’
0 10 20 30 40 50 0 10 20 30 40 50
B W(%) = W)
{a) BB L L2RE W OB (b) B H LB W OB

M2 mBEeERDBRAEFEORR
E REL BEH REWoRBRK 1 28R

2) ERSEORYREELOLE
BB WiCxH 0B L R UVH ORER G () PICBUSREEBOHERE 3(a), (b)ICFLE. &
B wWoZRLBREMHREEICETHES L RURE HOEREERMBREMEO —KERKNOEBE
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1% 1.008 B T8 0.996, 1K 13-0.116 B UR-0.042 Tlhoin. F 08 RS (1) 1 0.999 & T8 0.999 T, ZiLb
DEEFEICEVEBEPROONL. Z0Iihb, £ L XIBEG HOWTNOPEHIBREERL L, B
RS OBRBRE (ED) POEREA~EELRIFIRNEELILNA,

10.0 s 10.0

vy = 1.008x - 0.116 y = 0.996x - 0.042
r=0.999 ) i r=0.999

=~
e
~d
3]

# L(%)
S:C:;
$ H(%)

e
o
T
~
o

0.0 ’ ‘ 0.0 : : ;

0.0 2.5 5.0 15 100 00 25 50 75 100
A W(%) A4 W(%)

(a) BURFL &BUB W D bREE b) BB H &FUB W DLLE

X3 ERLBHYBREEOLE
HE BEL BB H HEWoRNAIRE 1 228

4. FED

40°CC 60~70 KR B Tr 65°CC 5~24 D 2 FHEOFHEBRFEICONT, RERDEOEELL
THREHTORREROERE~ORBELRELLLIS, WTROEGORBEEHL TORRM
(B9 PR OEYTORESROFTRE L, ERPZTOTCHEL-OWARBOEREEE VIR
BEAho. Fe, BEDEOBELLTERENFOEZLBI SV TRRORELERLZEDS,
WTHOKGOEBREFERL COERE A POEELEOTERED, BRF T TICEB LS
ARHOERELSVEBEEREPH-.

INLORER, ATFHERFERBREEOPHERCHSICEA CERILABRENT. ZOlEh
5, 2007 £ EIESHE HIRN S OEBET T, AT WEHES DI (2008) IKR#s LY.

X ™

1) BHKEEHE BERBERESFHEHA Ry MEREE-2007-, p7~9, BHRKEHBS, K
(2008)

2) BAKERER EHIEES T8 - EESS0RRCE S, B REESNEE—THE
ZHCRITAEERESORIAFRCLOEERYEH T AT ERHSELEDDM, ER 1210270,
BEMOKERERE 96 5 (2000)

3) BWOKERAER EBIMEBEEE L RIESOAERBLEDILOHE HIEEMR 12 4 8 B 31



TBIRAREID PIEEER T EOFE 127

B, BWKERERE 1161 5 (2000)

4) BWKEE BERSETIER BB, p. 5~6, HEIEA B RBERERS, B3 (1992)

5) BB TUGETREMRIER STIE, p. 17~19, REE, B (2005)

6) JIS Z 8808-1, REEF 55 B 15 £BESDV (2000)

7) A o, BEEENEMRCBRES R OKSEE —MEEEREKSEHOBE -, IEEIFERE, 1,
1~5 (2008) :

8) MHEEETF, LR, BEM--, JOKM, Bibsk, AHER, 5 RERIC I TE ERE
DEFRL2BATE —BEESERNEEROEA -, PESFIEHE, 1, 12~17 (2008)
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Evaluation of a Pre-drying Procedure to Prepare Test Samples from Sludge Fertilizer

Mariko AIZAWA!, Yuji SHIRAY', Yasushi SUGIMURA" @, Yuichi TAKAHASHI', Jun OKI" @),
Yukio FUKUCHI', and Norio HIKICHI" @

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

* (Now) Food and Agricultural Materials Inspection Center, Sendai Regional Center

? (Now) Food and Agricultural Materials Inspection Center, Food Safety and Consumer Affairs Information
Department

4 (Now) Ministry of Agriculture, Forestry and Fishéries, Food Safety and Consumer Affairs Bureau, Plant

Products Safety Division

The sludge fertilizer samples are usually dried and ground before being tested. However, no detailed
drying procedures are available in the Analysis of Fertilizers published in December 1992, In this report, the
authors evaluated two pre-drying procedures by comparing the total carbon and nitrogen contents obtained
from original samples and those obtained from samples pre-dried at high and low temperatures. The
pre-drying conditions at 65°C for 5~24 hours and at 40°C for 60~70 hours were used. The samples
pre-dried at high and low temperatures and samples that were dried without using these pre-drying
procedures were ground to prepare the test samples. Moisture contents in the test samples were measured by
. arapid heating method using moisture analyzer. Total carbon and total nitrogen contents in the test samples
were measured by a combustion method. The total carbon contents and total nitrogen contents obtained from
test samples prepared using the pre-drying procedures at high and low temperatures were compared with
those obtained from test samples prepared without using pre-drying procedures. A good correlation was
observed between these procedures over the range from approximately 8~50% of total carbon content in
pre-dried samples, 7~40% of total carbon content in original samples, and 1~8% total nitrogen contents in
original samples. The slopes of regression lines ranged from 0.975~1.008. The correlation coefficients
ranged from 0.993~0.999. These results indicated that the pre-drying procedures were valid in preparing test

samples.

Key words  pre-drying procedure, total nitrogen, total carbon, sludge fertilizer, combustion method,

moisture analyzer

{Research Report of Fertilizer, 1, 122~128, 2008)



RO B B L E TR OH 129

10 KOEMMTHEALEIISTIERELEROER

RTERSCH: !, WRE T, Bk, AFmIE
F—T7—K BT, FOEBOT, S—AMlRT, KT, B, SR

1. LIz

EHERHOMBOBERIIEL, BB - EEBROBEIILEGIEEORREINBALRERHS.
L - BE KERAITHT TR T, Eihkr T80 SBBEOBE YA RE R PRI AsnD LI
720, B CHSBEIEROEERIMEFIERE EEo Ty, BB 30 FERTEIOHRS ER BN E
SERDFNO T VMBS IE R O A FEDS S L, FHE B O A BIXU TS WICEAD U, I8, A
WL AEEVEREIEE OEASEEL>-HAY Y. FREET EEPOBMEDIERICIoTE
Mc B LT 5, BEEEDATRCHERSHALSEIELEY, MAEWMEEOHEMICL> TERESE
FBIFOBEERITEYAENT, EBOFBRALIEBIL. REEEL(CN B AREWVERDER S,
EROFRANEELT, YA EHNEREBICHRIZLBMBI TS,

BT, SHEROUROERBPTROEOMK (IR BT RUEOHERERS LTRL) IO
BIA B 1998 0 1,352 FATH ST 2006 £ T 5,370 Moo 4 (510785 T0B5 7, LsLadis,
ROEMPTR, BEORAEEDOBFPLEBLIENTORKRTHYY, 2ORBOEFIZL>TE
FLBOSEREOSENRECEREY, ROEWMNTRUEOBKICELETIHOOE CN R
EESAE RS TR R E RO EMA TR R U ON HAKEHE = — TR R DB
BESR 3 B0, LU TR A BT RS MBI ESRLRREPERLZOT, TORELRETS.

2. MPRUVFE

1) HERHRUIIE

FRBLTVWAROER>T (BT, ZOERPTRUS—LEMT) & B FHE 500 pm D550 EE
WTAETELMPBE TR EBARL, SRR EREEL, U A RICANTER L, RBRAHRET
EECRELL. BRLTWAXKDD AT 23R LL, $, BT =7 % ON LLOREH LT
AR AR AR R OMRE L.

WER LR, BA7t% 15ke BRL, TASEIEAL, BHE 2 nm DSV EBL THRHELE.

2) #RENEVERIROBLEEORE

SRR E G BRI OWT, BRI WitkoTksy, EE2E (TN), YAREE
(T-P,05), ME LB (T-K,0), BHBE (0-C)RBELL. BT, Al o B2 in k- THIEENZ, £,
HEPHBERT R S o T — R, EAa- 2R BT = 2R E L.

PO STATEUR A BMOKEH B R SR - BB R 2 RER



130 FREHFZEHE Vol 1 (2008)

RERT =T IC oW, BESTEOIL Lo TT =7 HER (AN) 28I E Ui, MBS
& (METTLER TOLED HG53) O#RIRE % 100°CITBREL T, R HBoK SR ELL.

3) HEHERGA

(1) CONiERER

R1OEEY, T-N LT 250 mg t Y BOUREME R UM RBEE L TN ENITNEY, 121 TS50g
MEEOHRREMIZTTNENAMA TIKREL, HRFEB R OB ORBRREEZRAM L, ThEh
BIOR—AE—2—100mL IZBL, TRICRERBKRED 60%ICHYTEKEME, b —0 LHET
NAFETHB -l 30°CHOEIRIEAICAILT L, 3, 6,9, 14, 28, 61 KU 120 A MEEE L. BEREIE T,
BB LYK G AR R U BRI R KE K ED 60%HH K i22d Do lokema i, B, 1 RRK 28T
REL.

e, RIDEEVANELT25.0 mg MY BORBET - E=T500ED, DUTFEBICHEBR T £=7
RBREZRML, MBR7-e=7TRBREROHR IR (BRNE) oW TERB IR L.

(2) Wz

R A RREOBBEERE 10%E(6) 7 2ABRTRIL, 7/ 05 & & ~BRECET
ML,

K1 EREH(A) DRE

2ok BT e

R 4 wmmE" TN o0-¢Y  mmeY AN

(g) (mg) (mg) (mg) (mg)

HERE BT RRRE 225  25.0 1.01 . -
HOERPTHERREK 1.85 250 079 - —
=Nl R R X 056 250 023 — -
FIRICERY S S AVIEN: P G S 0.83 250  0.28 - -
BE  BBRTE=TRBRE - - - 118 250

_ EmEmEK - — — — ==
1} BREREICEIML 7= a0 X i BB o in g
2} BREKEFEMURBHROESZESE (T-N)
3) RBEIRMLRAB R EOFHMKEER(0-C)
4) RBREIZIRMUREBR 7T - B= 7 OEh&
5) BBREIZIRIMUEREE T o7 HRDEELE (AN)

4) BEWRGB)

(1) CN EFEK

HREENE 3) (D EESRIcHR A, FIC AN LLTE 2 ICRLEBICH S TAREE Y v E=T
ZENENMAT, ON 10, 15 B 20 ABRERABE L. BT, 3) (D LRBICEELE,

Fio, HRE (ERMR) I 0T e IR L,

(2) |HRMK
BRLEERBREOEMEERY 3) Q) LRRCEELE. 28, ERLEZEIRIICIVERL



AOEMPTHEE B BT AERLEEOWRE 131

N{8) =N(T) —N(C) —N(A)

N(S): EHILEREE (mg)

N(T): #HRBE VI BREORBREOLEFOEEEBLERE (ng)
N(C): EHWME O LB P EHEREE (mg)

N{A): BMLI-HB7 L E=7OEEE (mg)

F2  EHERRB) OE
e i A ey REBRK
HBRE 4 wmE? TN oCcY  wEmE? AN N&EY oNi”
(g)  (mg) (mg) (mg) (mg) (mg)
MR FE T RCONIL 10 X 225 250 1.01 358 75.5 1005 10.0

R RCNE 1SR K 2.25 250 1.01 199 420 67.0 15.0
eI RCN L2050 X 225 250 101 120 253 503 20.0
FOEMIPTHFRCNILIOZEERK 185 250 0.79 254 53.7 787  10.0
EOBEMPTIHHECNEISTHERX 185 250 0.79 130 27.4 524 150
FEOEMPTIIRCNI20EX 185 250  0.79 68 14.3 39.3  20.0
HIRIMIX. o — - - o - —

1) BRI - hen Ui el o R R ORI &

2) REBREKIZHENL-ABRRORESE (TN)

3) REBREKICIINURE a sk B EE (0-C)

4) BBAKICHEMLUIEREB T =7 OEMnE

5) BRBEICIEMUEREBT e hROBEESE(AN)
6) T-NEUANOEEAEBNEGE)

7) NEERUVO-CIVEHLI-CNE

3. R

1) ERRPRUVERTEOBLEREOREHER

R BRI OBMD TR, BOERITHRE U — Al 5 R IE CNC K BB O K s ltd1
B3RD T-N, T-Py0s, T-K20, 0-C B UKD O EBMEII TN CN OB HfERE 3 IORLE. Bilh8H
RKEOEOEMITHERD TN 1T LIN%ET 1.35%THY, =—ARd TR R ORkad iR
T-N O 4.48% 5% (F 3.03% b~ TED o Tz, Fie, BHOTHE, RORWOHTIHRE T=—alrdH
FD 0-C I 40.3~44. 7% R ELFEIT Do 7208, KBl 0 0-C iF 343%EEVMETH -7, Zhis
OEEEPLEMOTRE, FOEBOTIE, =— 20 THRRUKRAEPTHERD CN i
HL7ZED5, 40.2, 31.5, 9.0 B U 11.3 THY, BHITHR, ROEMPTRRS LBEHEVME ThoT.
Y EDREBR R U7 =T LD AN EEE 21.10%06, CN I 10, 15 BT 20 WERORME D
HORBT B0 AORMEBLEH UKL (E 2).

HEEREREL T U IR B OB RS, ~3klu—2, BAn—AR Y =L OERESLE 4 TRLE.
BHE»THREVCROEMPTHED AT A0 EBMEIT 8.28% K R9.91%THY, Fir, V=1 05E
BT 34.1%K 00 29.8% THY, =— Ll THRR TRDPMPTHED 4.06%K T 5.06%3 THT



132 MERHF %8RS Vol 1 (2008)

181% KT 91%IH~TEWE THo, 728, T-P0s, T-Ko0, k4, BBV R U~Itio—20OER
fEed, HREUE LM BB ORICR RN BT D SN,

3 HRARE R OIS OB L BB B (2 1)

okt T-N T-P,0; T-K;0 0-C CNit 7RGy

(%) (%) (%) (%) (%)
oY 1.11 0.38 1.08 44.7 40.2 9.91
FKORMHTIE 1.35 0.38 1.02 42.5 31.5 9.42
=T R 4.48 1.04 1.10 40.3 9.0 7.28
KT E 3.03 6.79 1.08 34.3 11.3 10.66

=4 PR R U FRRUBL OB L E B R (2 02)

k4 AERSF ~Seain—2z Blom—2 Xz

(%) (%) (%) (%)
PRI 7.64 27.6 8.28 34.1
ROFEIPTIE 1.96 28.6 991 29.8
=— AT TR 8.49 17.2 4.06 18.1
b 3-BVER VR B S 0.68 33.6 5.06 9.1

2) BEERAOEBEEZEOERS

R, HRABEORBRRICBIIAEMREBREREOMBER 1-1 RO 12 ZR Uk, fBRREO
KDPWPTHRBEBRERVCo- Al TR RRABREOESEERET, 528 | H B CEFESLE
A5, 3~9 BICRENTHEAL, 2 EE B LIRIIE-ChIZHMUE. E, R Ep TR R o —A D
TRROERICEIL, 10 1 » BHBIZIE 31% KTV 42%, 9 2 B HITIT 40%K T8 45%, #9 4 »ABITE
4% BT 50% LM 4 ITHEML, SREBOBHITHRRRERUCEOEBITHRRRR OEE
BEERERD, BEVHEIOEASL, 3 HEPD 4 DABROBMTIRZLALEEL TV Rk, s, &
BIMEO R POMBRREREIT 42~5.5 mg THY, HREIBE2BUTCUEEAEERL WD o, F
7o, BT a7 RREOEBREEERIL 28.5~305 mg ThHY, REZSOBLIIEDLNZD T,

3) BEARGIOERLERZOHER

TR CN LB OERCERBEOBB LR 2 IR L, #HlH TR ON HRHER T2,
9 HEHETEROFRENTTEENITES, FELEEREIT 12~18mg ThHoTo. 0%, EHED
TP EPLRPLEANERERLZS, 4 PABREITOY B CERILERENERILLEESEESY
EEBZEERD T, ’

FRORBEHTHRCN LHBEROBRIEREOHBLR 3 ITRLE. KOER) TR CN HF
ETiE, 9 B BETEROERIIITTEAMICHES, FHELEEREDL 10~12 mg Thole. T0DHE,
EROERPEIEBLEEHBEMERLESR, 120 ABEFCOHBCESEERENHRILEZE
BEY EEIBILI T,



AOERAT R A R BT DR L EROHER 133

mEBERE (ng)

EHRBERE (ne)

*
A e T T T e T
%K \% JJJJJ ¥ - 3 ) 4
25
20
/&/_,@'//’:w—?—ét
15 WE
10
v Y S ORI PT PP PP PSSP X
40 66 80 106 i20
HEAHK ()
H1-1 HERRY, SEREZE0RRBRRKIIBIAEHEEREOMEE
—i— TR —e— HOEMPTRRE  —o— 2T RREK
—B— ¥RENTERRE - - BT UE=TRRE % BERME
e e
30 ¥ e S e
AR U - -y
25
20
15 :
/’M/‘—Z
10 //g
----:)< .................. >< __________________ b O R 4
4 Q 2 @
4 6 8 10 12 14

FEAH (B)
R1-2 #3EE, ARANSORRBREICB T EREEREOEY (0~148)

—A— EEPTRRE  —e— BOERNTRERE —o— =— AN TRRE
B NP TRBE -~ BB TS TREBE X BENE




134

RERIFIEER S Vol 1 (2008)

ERLVEER (me)

-15

BRI ERE (mg)

-13

A
|
i
i
0 ]E : : 1 b ; }
% 20 40 60 80 100 120
i
1
-5 {‘:
!"\ &
e .
, A oy e e e o g e =TT
J ! e ' .
H \ - B -’B
Lo e - T ZA
s PR
A L DB L o e e e e E" """""" e
Ly ';—é = Y
" A
B X7
Aﬁ_‘_‘g
EEE(H)
BI2 Fmbh T RCNEEB R m BT 2Bk E R ROME
-~ CNEL 10 B K —-H-~ CNEL IS B X -4 - CNHR205BE X
\ 20 40 60 30 100 120
e —
& g _-.G- ----------- - __.__‘.....-ﬂ-'-'—'::‘:‘
I“'!G‘ .,A:"/ﬁgr‘: ___________ e T TR
‘_"‘&\ 'ﬁ‘/’/ ___________ __z& ,,,,, —
3.5
WRREH(R)

K3 ROEBRHLTHENEFRERLRITAESILERBOER

~ -0 — CNEI0RRE X

~-8-- CNILISTHER

=2 - CNEE20FA B K



RORMWDHA TIRCBITHER L EROHER 135

4 £ =B

AROEMPTIL, ARy ZBPTERWVIEAREED OB FEEBLEDTOBKTHIY, EF 55
FAYIIEFOBEIL L TERZY KRBRIZH W oo — AT BRI, IBREOXL il 5
RO T-N & CON BeliTiE—~ LT, 3l R R OEOERPTRO TN I BEROCFO TN
IZEER U TES, SE3RBUE D ON Ehidoet FRAE I CN Helo bl TREVERARENT.

TN LT 25 mg ZMALE=— AR TR RRBR R A U SR LR ROMRBIL, @ 111 RO
1-2 DY, FRC AR TI RRR K A 5538 U S LS 5 R OMS DB EmE R UL, =
— L TRER, V= RO A —AOBFEWEBITHERCEOEMPTHREIVES, CN
SR EPTRROEFE-BL W oehD, TERoMEGPRCISCEROBSLICEEL
&z b,

35, T-NELT25 mg OFHATHREUEOERITHREECNENEREICHEALES S, R
REWRES 101 g RU079 g ¥ BATHILI02%. MRRE TR, LT oEgEERIMAED DR
FEDOTDIIEEBEINTZITE#BELTLED, (EMAEZENBLETIEXBEINTE. ZOIEME,
WO TE R B UEOEMM TR RCHEB7 =72 ML T ON i REEOME TR
LRI RBBR L EETAZEL, TOHE, 2 AMBEICEROFHRIED, e O
FEROB AT, TOBROFHEEROBEBLIEBATTNER ThH-oT. TORREELT, Hild T
BRUOEOERNTHEPOI =R EAT—AOEEBNBL VL, £, BRUROBRINEL
LTEEL, B O ON S O B2 2480 300, 120 THAZ LS, ZOBESMEOEBYIZR LT
WMAEHOEBDBREBTHoEEZI DN,

BM»THREOBROEMPTHED L2 OMEOROEMRPTE LECHEH LSS, EP
DEBEERSERTAILAELLNAIEPLHAICY s TREEBMLBEEZ bR Y, $7x,
INBEOROEMPTHRIERRBEOEFAENINBE CHALDERNHBRIEO TEVES 25
hre,

5. F&¥H

S AT RARBRERE 120 BREEELELIA, o—AlTHEEOERIT S0%ERLL, Bl
ERBOHBIIEENBZBC ORI TIRARBRR LB T,

75, FRP TR RRUEOEMP TR ARBREZRRICERLLEIS, BRI BT OE
MRERERVIELASEBRLL. mollhh, B 7 272U TON ERHEL-EHLTHRERR
CEOEBRPTHEROCNEFERZERE L. TOE, WTFhib 14 B BETEBLIMELEL TEX,
FOBEPITESEPEATESR, 4 PABETORRNM CERCERES BRI L-EREL EHD
Nt € ERY el

X B

1) Bfa@A, RHEA, S#IHES, ZH£EZ, BHMK, B/ 3, SPHE OB OFEH,
p.157~159, BEEE, FH (2006)



136 REEHFZEER4E Vol. 1 (2008)

2) WBaFHE, BRI OBV By ORA, p.8~18, BLiEM kS, BT (2008)

3) HMNEHEACEEEBLHEIEOEDICR T2 FIIESEIOT T, BAELHA, 30 (116), 34~
35 (2007)

4) BFrIARE, JIEE—BD: BEAKEH, p.1503~1505, BEE, BHE (1991)

5) RXBH: RERSHEBERTFAD BIELLEER, p249~255 , BliiaM Xikhs, K
(2008)

6) BHKESHE BERBERSETHR Ry MEREE-2004-, p.7-9, BHFKEHBE, BH
(2005)

7) BWAKEABR Z2RBERESEHER FrobiBREE-2007-, p20~22, BHEHHS, HR
(2008)

8) MEEAHBERBESRE S WETHAREE RSN, po6, IR S EME, B (2001)

9) BAE BBURIEEERER, BAWRICARRER, BT RIEARERE  FESERSORY R,
BEEEE 8 (1), 39~70 (2001)

10) RARKEER B IRBEENM SE AT  BREN 47k (1992 B ff) , p.7~8, 11~12, 28~45, 174~175, HAJE
BREWS, HE1992)

11} BWKERBRZEEMN 7 — (FAMIC)  IBE2 3B E (2008)
<http://www. famic.go.jp/ffis/fert/bunseki/sub9_shiken2008 himi>

12) BWOKEESEREES - AEOWEREEDDME, ERTE11H 158, TBH 1660 5 (1995)

13) BHOKERABRERZRBERDSRESNEEN 56 5 (080 54 4 11 A)  #HE2@IESHHY
SrHrEE (1979)

14) BHRERERZREEE EERHECE LXETORECEIFEBEICOVT (B 1) T EH%
fLRABRIE], SOREE 70075 BEfS04E 11 B 5 B (1975)



AROFEMHT A TR BT SR L ER OHER 137

Mineralization of Organic Nitrogen Derived from Nut-Meal-Applied Seil
Fumihiro ABE', Hideo SOETA', Yukio FUKUCHI' and Yuji SHIRAI"
! Food and Agricultural Materials Inspeétion Center, Fertilizer and Feed Inspection Department

Estimating the mineralization of organic nitrogen from organic-fertilizer-applied soil is important to
establish methods of fertilizer application. In this study, the nitrogen transforming capacities of three types
of mut meal (camellia seed meal, tea seed meal and neem seed meal) were estimated in terms of the levels of
inorganic nitrogen during incubation in soil. Six plots were set up: a neem-seed-meal-application plot
(NSAP), a camellia-seed-meal-application plot (CSAP), a tea-seed-meal-application plot {TSAP), a
rice-bran-meal-application plot (RBAP), a non-nut-meal-application plot, and an ammonium-sulfate-
application plot. The amount of organic fertilizer and ammonium sulfate was 25 mg as nitrogen in soil of 50
g as dry mater. Each plot was incubated at 30°C in duplicate. The evolution of N-mineralization in the
NSAP was similar to that in the RBAP over the incubation period. The rates of mineralization at the third
and forth months were 45% and 50%, respectively. Most of the nitrogen derived from soil in the CSAP and
TSAP was immobilized. Then CSAPs and TSAPs, with 3 levels of CN ratio adjusted at 10, 15 and 20 with
ammonium sulfate, were incubated following the procedure described above. Nitrogen derived from sulfate
ammonium and soil in the CSAPs and TSAPs with adjusted CN ratio was immobilized until the second
week after application. From the second week to the fourth month after application, the organic nitrogen was

mineralized slowly, but the amount of N-mineralization didn’t exceed the amount of N-immobilizations.

Key words  camellia seed meal, tea seed meal, neem seed meal, rice bran meal, incubation, mineralization,

immobilization

{Research Report of Fertilizer, 1, 129~137, 2008)
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2) RENE
BEBEYATIE (1992 R YRR OLBVEIRLUE. 2B, FOMoRBRFETBALERREILN, 20
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FEOBREOBRELRDE.

(1) K4y (Mois) i, BEBHHTE 3L LUNBUREE) C XV ER T, BL, RYOBEIX Ty
HLOLTB,

(2) BHEREE(T-N)IZ, BHAHE 41,11 GEBEE) C In LV REHRATRL, RED I ERT5.

(3) TrE=THESE (AN, BESFE 4.1.23(FVATAFERE) C3) IC LR EE 2B,
HE DLV EETS.

(4) FIEEMEDAER(S-P20s) i, MRS 4.2.1.Ce o LORBHERFARIL, 423 USFREVSF BT
YEZYLE)ELIZEVERTA.

(5) REEMEDABE(W-P,05) 1, IRBHHTEE 4.2.1.Ch RORBHERTRL, 423 (R F )7/ F 8
Ty hdE) BaltlyEETS.

(6) REEMEMB (W-Ko0) b, IEEHTHFE 43.1.C.0.2) ICL0ERBHELTEBIL, 433 (e EEERE
e YY) B IR0 ER T B,

(7) KREBEHEIZHE (W-B20:) 1%, BB 48.1.Cain kil Bl e #BIL, 4.83(F/ AF > H
EB)EILVERTS.

(8) UHBREE (T-As)iX, BEHHTEE 5241 (PmF-PF 3 A3V BRERIE) Dal) Lo kR
L, AEEICIVERTD. U, RO ECREEEREL, 5242 RFWEEDEE kFElke s
FRERBLEFRADER)) ECIVERTS.

(9) HRFIVAEE(T-COHI, RN 5.1.2.D0.22) 1) (RS IR BHELTHRIL, 5.6.1 BF
WIERDEE) Ea WIVEERTS. BL, EEOBEOFEERIZIII AV NRERMLULZVGOLL, B
FTHBEEED I 7ETBGHET AL, XX, RO FECRENEZAEL, ME G52, Gasthh
HICIVERTS.

(10) FIEEMETVBE (S-Si0:) I, BERH 4735 4.41.Bb LVREHEZAEL, 443 (T uib Yo L
B)DIXVERETS.

(11} TAhUsa (AL, BBRSHIE 45.1.1.C0 L0RBHEZ R, 4.5.22(=F L0 P73 HEE
B E (LU FTEDTA IV DICEVER TS,

Rk, BB ECRENEZTREL, WEMEA K (BB 5k 4.5.1.2.B) R UHEEE L (BB E
4.62.E) ZHIEL, LI E 4523 (RFRARAEE) EICLVEET5.
(12) <BHEFL(C-MgO) X, BB HHE 4.2.1.Cd LB E TR, 4.6.2 (RFUORBDEE) B
LV ERTD.

4 BEEBRAFERURBREORESZ
1) |ESh-BERAEORM
(1) w_AMEIZLAzA=TORDFH
£, £EOED B RE (Median) 2R b7z,
Wiz, EUSAr R O F M afrsia ke, (a) Uk B EFE (IQR) %%ﬂw_

IQR="TW Gk — EMm5uEE -« (a)
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LR A A7 HEEE (NIQR) & (0) SUC KV E H L. ERAHOEBE, NIQR HERFEET KT
Z.

NIQR= IQRX0.7413 <=+ (b}

2227 ()% () RUTIVEH L. z 207, £RBREORBAE (x) © Median H»HORBIVESWE
AYHRETHD.

z= (x,—Median) /NIQR -+-{c)
(2) zARzFIZLBEHE

F e Z O FiEL LT, ISOMEC Guide 43-1(JIS Q 0043-1) ¥ &V, ERBREBOQITREOz2=T
FORD ISR EEIT o7,

|2=2 s
2<jg <3 e BEbhLn
|2 =3 RPN )

2) RERGLAETETIMAE
KRS DB ESN I RBRESEERE 570, RO B2 kb,

(1) BIRBRER (F—&8 N) &Rk,

(2) z AT XBEMAE R Q2|2 &l mRBREHR R OFOR G (%) ERD T

(3) zZaTZLAFEMMBEDL LN (3>21>2) - Tn RBREBH L VT OEE (%) 3K 7.
(4) z Za7 CLBFEMBTER (|2|23) Ro-BBREBEER R UEOEE (%) 2R,
(5) SNEZFEHRLEVET —FOFHE (Mean) R 7x.

(6) BEOED PRI (Median) 53Rz,

(7) NIQR AIEMEMEIEL LR LT Median DFRFEDE (Uysy,) % () AT IDE H L.

Usse, = 2 X NIQR VN vee{d)

(8) @&F —FOIEHEFE (D) kb,

(9) REH L Xhi-EHrEE (NIQR) % (b) RRICLVE R U, EESH OB S, NIQR X SD b—E¥
A.
(10) Horwitz EIEZRE~Y ((e) ~ (g) ) LV, T HAD A R 7 IRAL BEMR 2 (Horwitz’ SD: HSD) 2B H L
fr. 2B, CREBRSEFEOEE T I%OHETL 0.01 LWHEILRD.

HSD = 0.01 X% (0.138<C) oo (e}
HSD=0.02xXC*  (1.2x107=C=0.138) coe ()
HSD=0.22XC (C<12x107)  --e(g)
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(11) RSDygp i, mARNEDPLRD M EERBEORRTHY, M RICIVEHLE.
RSD,o = NIQR,”Median oo (h)

(12)  Howp I m»ézwﬁm%ﬁmkHorRatfﬁwi%ﬁ'ca?oD\ () RUCEVEH U, HorRat &1, LR
BTHRONCZHBFEEGEEREDS, BE0ERCE-HZENBRHEGESEEZEOTHE LT
EOREPEHERTLHBETHD, ACAC DHARTA T, 0.5SHorRat =2 FEEEMELL LA,

Horop = NIQR,“HSD oo (i)
5 BERUERS

1) AEHBRARNONEERER

BEMERBRORBR CEBEYEL 2 B X 10 REO—ZEBIZLASHSFHOBLILTREEFZR 12
AL WTRLORBHIBW T, FEMNF(9,10,0.05) % FTEI-HIL0D, HE KU 5% TR

HEREIRDON o7y Fz, BB O ERFEEIL 03~1.7%ThHY, 2 TOBEOH T AR
BHIBE ChOZ LW LI,

=2 E RSP BR DR R

BRSO FEAE AW Sy Mean’ SD¥ RSD?Y FEY®
(%) (%) (%)
{bakinst W-P,0; 8.96 0.03 0.3 1.30
W-B,0, 0.41 0.01 1.7 1.73
ShEWDTOERE IR C-MzO 6.08 0.02 0.4 2.09

1) 10 RHIT SO ERE
2) HEEoEEz

3) BEEOMHERRREE

4) —IFABOTI IV E S
5) F{(9,10,0.05) : 3.02

2) RERAEDOBITHR

4.2) (D~ Q) OEBREBHE R Uz 227 THEESNEERBREBER GO E LR 3R LR, (LAER
oW 16 BB ETRBRBERESN, FHROORBREIL 4~ 158 RBRENLOWE N b, T,
FLENTOWEREIERHT DWW TIL 80 RRECHRBRVAEBIN, ER5ORBREEIT 66~78 RRENHO
HERD-T. FRTGOBBREKCHER | LOFMEZIERREOE S, BEIWTOBERR O
FIER IR OBR (8-8102) 73 TT%EEBIEL, 7BV 4 (AL) B 91%&Bb @ ofn, —F, TRER | 2O
TR EIL S~ 14%THY, GLEWNTWERE REEF OFEE OB (8-8i0,) O 14%05 b &<, Lk
BEL R OHFIT AL R (T-Cd) B URIEMED AR (S-Po0s) D 13%, KIBEMHEIFHSE (W-By04) D 11%, 7%
=T EER (A-N) O 10%OIETH- T,

42)(5)~{(12) TROEHFHEEE 4 TR, BEALOES TREOEL{E Mean 13, B R{E
Median &IEIE—BLTRY, ANEDHELZ T O Gd o, LLARD, SE0ENREE SD I, g
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AMEICESTELNE NIQR B L TRERELRL, ANEORERZIT TV, Z0ZEMD, NIQR
FIERREL LT Median OBHEEE 1 (Z/RL, Horwitz B EFXNHEB 57 HSD, HSDX0.5 B}
HSD X2 #EICFR L. KRS EHROEE RS ORBR RO NIQR X HSD X2 & FEl> Tz,

B, ThLEBEEW ) RS RORB RO TR S HOPMBRBERETFME T I L T,

F3 AT I LLRBR A DRl

HEIEH & M (z]=2" 24 2[<3% 3| z[¥
REEE RARER A% BBREH FHAe%  REREI HE%)

(IbREAERD

Mois 147 127 86 7 5 13 9

T-N 158 139 88 7 4 12 8

A-N 150 124 83 11 7 15 10

S-P,Os 144 115 80 11 8 i8 13

W-P,0s 157 139 89 8 5 10 6

W-K,0 156 135 87 10 6 11 7

W-B,0, 132 112 85 6 5 14 11

T-As 84 73 87 5 6 6 7

T-Cd 95 81 85 2 2 12 13
(GE & OB R IR

$-Si0, 66 51 77 6 9 9 14

AL 75 68 91 3 4 4 5

C-MgO 78 66 85 8 10 4 5

1) A7 ICLBRHER R (2 22) Lot BB EBEE T 0OEA (%)

2} z AR TICLATESEDL LW (24z[3) leoTn RBREHE R UFOEIE (%)

3) zARATIIZEAFR AR GS|z) Lol RBEK R FOEIE (%)

4 LREBEBRREORE &
%ﬁ%ﬁiﬁﬁ g Mean” Medianz) Ugs%a) SD&‘) NIQRS) HSDb) RSDW},W Homba}
mg/ke)” (%mgke) (Y%omgke) (%mgkg) (%omgkg) (%emgks) (%)

({bREAEED

Mois 1.89 1.70 0.05 0.80 0.30 0.06 17.7 4.78
T-N 14.58 14.60 0.02 0.48 0.13 0.38 0.9 0.33
AN 11.42 11.46 0.02 0.36 0.10 0.32 0.9 0.33
S-P,0; 10.87 10.88 0.02 0.32 0.11 0.30 1.0 0.37
W-P,0s5 9.02 9.02 0.02 0.23 0.12 0.26 1.3 0.46
W-K,0 12.47 12.38 0.03 0.40 0.22 0.34 1.8 0.64
W-B,0; 0.41 0.40 0.00 0.04 0.02 0.02 4.2 0.91
T-As 1.96 1.89 0.04 0.71 0.19 0.27 10.1 0.70
T-Cd 1.36 1.26 0.02 0.46 0.11 0.19 9.1 0.59
(FREVMFUOERE )

$-8i0, 34.12 33.92 0.15 1.45 0.60 0.58 1.8 1.03
AL 50.43 50.56 0.15 0.82 0.64 0.71 1.3 0.91
C-MgO 621 6.18 0.03 0.26 0.13 0.19 2.0 0.67
1) EEOEHE 6) HorwitzfEFRLVEBLN - FHR 7 SRR IR iR =

2) BEROHhRE 7)) mARMENLR DA SHERE R

3} EEOFREOTHENS 8) wmNRRNEDPHER D HorRat{l

4) SkOEERE 9) T-Ask O'T-Cdlimg/kg, & DD IE%

5) HFEELEN Mo AEEE
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1.0E-01

1.0E-02 r

1.0E-03 *

1.0E-04 +

1.OE-05

NIQR X i3 HSD

1.0E-06

1.0E-07

1.0E-08 |

1.0E-09 : : :
1.0E-08 1.0E-06 1.0E-04 1.0E-02  1.0E+00

Median

1 HERPAERONIQREHorwitzfE TE e DB

X Mois ({biRAEEH O T-N ({urghesh

R A-N ({LRLARH) ¢ 5-P205 ({LARhes)

*  W-P205 ({Lpkaos) O W-K20 ({Lrgiest)

A W-B203 ({Lrkins) = T-As ({Lrghesh)

= T-Cd ({LatIRE) +  S-Si02 (GLEWOIRE R

X AL (BEEWIWEREIRED A C-MgO (Ravir W EIRE)
o BB (HOrwlzE IER)  vvnren- 83 (Horwitz{ JF 3:x0.5)
v - 2R (Horwitz 48 IR 555%2)

3) mH B ORBEE O

(1) {EREABEBFR K5 (Mois)

HM0 147 RREHHHE Bdbo7loK 5y (Mois) DRBAE OB S 2-1 1R L. EHE 1.89%
i¥ Median 1.70%E0EFEVMEE R L. i, BRI SN BB EIISAO 86% THY, 05
RIZEER R ThHoT. ZOZLND, BMLAEZORBRBIIZORBRF HEICERAL ONBLEEZLND.
B, BRLTOZORRERIESWVEEZTR T HES AL, BB ORBRICPNTERBO 77412k
VB BIRB LD IEVER R LI EE 2N,

(2) {ERRBEBFOERLE (T-N)

ZM 158 WRELLMERD-HERE LR (T-N) ORBREBEOBRSH LN 22 ZRLE, FHE
14,58%& Median 14.60%113E — L, NIQR 0.13%I2 HSD 0.38% L0/ NSV METHh o7, Fie, TR &5
BENRREBIEEED 8% THY, TOSHITREEEHTH ThHoT. ZD2END, BMLEEIOR
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BREICORBRFBICERLTOHEEZLND.

25

60
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Mois (%)
2-1 fLRIEE R O Mois DB ER FAR

OE BEDLOEARBR

[ SR e S cocs SRR e S i~ B o B o S o S oo

- &8 & § ©n ¥ 5 X &

L S L (|

D AR B S e e T . T o B o §

I R S S S S S A ¢
AN (%)

H2-3 {LARAER R DANDORER R
OfR O HEbLy B RNEE

(3) {rhEEEEho7 e T HEEE (AN)
£ 150 RBELLBENL ST E=THESE (AN ORBRECEHHMER 2-3 1R L. F

11.91~

40

30

520

P

A B i x it
[T e T e o R
= oy
<t < = < <F
wl g et e
t t t i 1

~14.60
~14.770

T-N (%)
2.2 (LR REE TR O T-NOFREREE
DR B RHLYy B R e

~14.90
~15.00
15.01~

~14.80

o= O
N e
O L= o)
oot — —
1 [

O O
8 %
o @ DO
T 77

~10.85

~10.90
~10.95

~11.00
~11.05
~11.10
~11.15
~11.20 |

11.21~ &

§-P20s (%)
[2-4 {bRCHEE T 0S-P20s O FRBR Al
DR O EDLY 8RR
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¥ 11.42%& Median 11.46%IEIF—E L, NIQR 0.10%1% HSD 0.32%0/NEWECh-oTe. E, [
B ILEMENRBEIIESED 83%THY, TOSMIKTEELAWTIChot. 28, [FRER | LF s
NERBEIZISED 10%THY, REHEVERZRTEAIARLNE.

(4) fLRRIEREL R O A %Y ABE (S-P,05)

B 144 BB EHOREVRH T A RIED AR (S-P,0s) DR O ER SRR 2-4 1R UL, ¥y
& 10.87%& Median 10.88%i3i3E—E L, NIQR 0.11%}1% HSD 0.30%L0/NSWMETh 7, iz, TR
LEHMBEENZRBEILSED 0% THY, ZOHMTIZTELGRTTHoT, d, TR RE | L fiah:
RESIRED 13%THY, BVELEMEORREOE S MTERL Thor.

(5) {LERARE o OAEHED AES (W-P,0s5)

i 157 RBEDHL|MER Lo ABEEVAE (W-P0,) ORBRRBEOESSMER 2-5 \RUE.
YI4E 9.02%., Median 9.02% % UE iR R 10 B 1T A L HIE 8.96%i313IE —F L7, NIQR 0.12%1%3
BRI BIAENERZE 0.03%ED K&, HSD 0.26%&ZIEE SO Chot. i, [
JEJEFMEENERBERERO 89% THY, ZOHMITIIZEELERMT ChoTe, 2O, BMLEE
OB EIRIORBHFEICERLTWEEEZLNS,

(6) {LEENEELR O A E (W-K,0)

N 156 REREHHEME Dotk MR (W-K,0) OB RSO E oM ER 2-6 1R L. iy
fE 12.47%% Median 12.38%I31EE 2L, NIQR 0.22%% HSD 0.34% L0/ NS WE Thh-oTz. Fiz, THR
LA N T RBEII SR 87% THY, FOOMIMEEERA TN ThoTe, ZOIEND, BMULIELD
HREREIIORBRFEICERLCWBEE LA,

40 40

30 frem e e 30 freeen e I EEEETEE T TR

%20 St e T vy e e %20 e e e s e e o e o e
i3

]

[ R e T s N i T o R o R o B - T o e s e S

FSCAMITRTERGS =

coodadoadaddaadoo. s

T S S S S S SR S U A M

W-K20 (%)
E2-5 {LERESEF OW-P20s DB Al Ba2-6 LF%AEE R OW-Ko00 23 Bk E i

O R @ BbLy B 2 O e gL R
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(7) {CRARE R OAEEIZS R (W-B0;)

BA0 132 BRERE NS E W b0l AKTEEIES T (W-B,0;) ORBRAE D EHDHER 2-7 IRL. F#
HIE 0.41%, Median 0.40%% UMOE MHHERRIRICBITSEHME 0.41%23E— L7, NIQR 0.02%[F
HSD 0.02% % U B R R BB - 331 BB TR 0.01%IXME Ol Th-To. Fie, TFR ) LFfSh
SREREEIT RO 85% ThY, TONMIIFEEL RN BT Thotz. 28, TR R LR fish/cARER £
o 11%THY, @mud R EmEIHLNT.

(8) {vpripst o USR &R (T-As)

B0 84 REEENLHENH oI DELE (T-As) DRERE O E B O LR 2-8 1R L. FIIE 1.96
mg/kg & Median 1.89 mg/kg I2IZIE—FL, NIQR 0.19 mg/kg i3 HSD 0.27mg/kg &0/ FEWETHoT. F
7o, TR LEBENERBEIIRED §7% THY, TOHMINTTEAMH THoT. TDIEND, &
MUT £ ORBRE I ORBRF EICHRLTWEEEZILND.

40 20
0 b e 15 boovemme o _— FE
-
ﬁzo L = - L o e e o - . -
BE
10 [rrmvemmmme-

ol

Vi

—
i

oo I~ 00 O O fome B o oo T o T i N i S o R e R e o i R e
a2 s L T o T N N <t (YT S+ B e N e B T S S Y
S o o o oS S S e B s s s IR B> B
! ] [ S A T S S A O A A |
W-B0s (%) T-As (mgkg)
[2-7 {LRRAERsHH OW-BOs DB AR [22-8 bR OT-AsOBRER R
DR B EbLLV B ARKE OE BgEbLYy BRME

(9) LIS LI LR (T-Cd)

B9 RBENLRENH T ANV L2 (T- Cd)@"ﬁ%%ﬁisz*‘%%%& S ER 2-9 IR L, B
1.36 mg/kg & Median 1.26 mg/kg 12— EL, NIQR 0.11 mg/kg iX HSD 0.19 mg/kg FO/PNEVMETH -
7 Efe (R LEHSNERBEIRAERD 85% THY, TOSMIKIZEEANHR ThoR. 72k, TR
R PSR ERBEIASED 13%THY, EVERRIEMAARLNE, BIESSRICIOWERT
F Ly Tt e DI EOEE R LI EB ZLND.
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20
15 F-mrmmmmn ]
By |
i 4
§ bo--
0 L
SN DO ON OSSN O ]
e T mANG® TN D e
TTTTTTTTTTTTT S
T-Cd (mg/kg)
[92-9 (b RZAESH R OT-CADEBR A
Oz 8 &bl BN E

(10)  SEEUVVTWEREIEEE R ORIV BE (S-8i0,)

B0 66 RBREN OB E N D o7 T ER (S-8i10,) DRBRBOEESH TR 3-1 IR/ UL, B
{ 34.12%%% Median 33.92% X0 FE T B VMEZER L. NIQR 0.60%11 HSD 0.58% LB OEThotz, Fiz,
(VR LB SN IR D T7% Tl 7o, 04 Median LV EWME IZE HE MBS o 1.
IORER, BEOEROBOGERE RO BR+STholrll, TOHOLB R U EHER

BITBEI NS ENE BN,

8, R R LM RBEREED 14%THY, ;%b%ﬁé:{f:’sw{ﬁé’fmﬁﬁoﬂr MEIEFET
ot

(11) gEEWTWEREEEFR D7 A 455 (AL)

Z 75 RRELLH|ENH ST AN (AL) ORBRFBBOERSHEER 3-2 (ORLE. FiHE
50.43%& Median 50.56%XIEE—F L, NIQR 0.64%}% HSD 0.71% LR DE Thotz, e, (R IE5
HENT-RBREIIEED 91% THY, ZOHMHIXBEELEMNH Thol. ZOZlhh, BHLEEIOR
BEIICORBABICERLTVWAEEZBND.

(12) SEEWTWERE IR o & £ (C-Mg0)

B0 78 MR BN LEE N7 BHEE £ (C-MgO) ORBEBOER S H# M 3-3 WRLE. THIE
6.21%& Median 6.18% 5 U E HRERIZEIT 2T H)E 6.08%I0IFIE—E L7, NIQR 0.13%i%, BWHE MR
BRICE T AR E 0.02%L0 KXV, HSD 0.19%L0/hEWETh-o7-, £, TR | L MmEN-RE
BIXRED 5% THY, TOSFINITEEERNBThoTe., Z0Ilhb, BMUEELORBEZ-OR
BRFEICEBLTOAEEE 2B,
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{ERAEEHT- AN TIL 165 BBRE C, S/, SV OEBREIEFHI DWW TR0 RBR B TRV ERENT,
HRBEMIITASARMEILED z A7 R AWTEMELELZA, R | LR Ma R B0 ST 77~
91%THY, IAME ) LFHMINERBREORSGIL 5~14%ThoTo, R ILFMINIZLALORER
RBIZEEMFEOSH Chole. —F, I(RERIEFMENZIVEOOERELT, ORBEODICIE
RETOHRSEHBOOWERLL CHNIEhs, BRBRERZOSFTHFECRBL RN ERHT
bivie. 1ZeA Y DR TREOFEHME Mean X, FRE Median SIEE—FHL TV e, Fiz, Median—
NIQR 27ty b LI &2 A, Horwitz (B IER O 245/ L i,

ZORIRARE R DICHILY, BB O AR, WHEERRE S I B ARBYELLERET
HASHAERE TS, AAREBRXSTHT THEROWRISHEIHRASHE LT HOBERE S
FRSRREBELET.

X M

1 BWKEERE SRR — (FAMIC) BRSO ERAB ORA B FHRE
<http:/fwww.famic.go.jp/ffis/fert/sub6.htm] >
2) ISO/IEC 17025 (2005): “General requirements for the competence of testing and calibration
laboratories” (JIS Q 17025 :2006, T3{BAFR R O IEMBE ORI TA— R EREIE )
3} ISO/IEC Guide 43-1 (1997): “Proficiency testing by interlaboratory comparisons—Part 1 : Development
and operation of proficiency testing schemes” (JIS Q 0043-1: 1998, TSERFIMI LI LB HERER B
180 Fae VR OBR R R O EE )
4} Thompson, M., Ellison, S.L.R., Wood, R.: The International Harmonized Protocol for the Proficiency
Testing of Analytical Chemical Laboratories, Pure & Appl. Chem., 78 (1), 145~196 (2006)
5) BAMUKES RERBERWHIENT AR 24 (1992 £i8), BAREEBREDS, HA(1992)
6) Horwitz, W., Kamps, L.R., Boyer, K.W.: Quality control. Quality assurance in the analysis of foods for
trace constituents, J. AOAC Int., 63 (6), 1344~1354 (1980)
7) Thompson, M.: Recent Trend in Interlaboratory Precision at ppb and sub-ppb Concentrations in Relation
to Fitness for Purpose Criteria in Proficiency Testing, Analyst, 124, 385~386 (2000)
8) Horwitz, W., Albert, R.: The Horwitz Ratio (HorRat): A Useful Index of Method Performance with
Respect to Precision, J. 40AC Int,, 89 (4), 1095~1109 (2006)
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Proficiency Testing for Determination of Chief Ingredients and Harmful Elements of
Ground Fertilizers (2006)

Yasushi SUGIMURA?, Kimie KATO?, Masakadzu SAIKI*®, Fumihiro ABE*("), Jun ITO?,
Takeshi UCHIYAMA®, Yuji SHIRAT', Norio HIKICHI" © and Susumu SUGIHARA®

! (Now) Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

? (Now) Food and Agricultural Materials Inspection Center, Sendaj Regional Center

? (Now) Food and Agricultural Materials Inspection Center, Sapporo Regional Center

“ Food and Agricultural Materials Inspection Center, Nagoya Regional Center

* Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office

S Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

7 (Now) Ministry of Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau, Plant
Product Safety Division

¥ Japan Fertilizer and Feed Inspection Association

Reference materials of ground compound fertilizer and silicate slug fertilizer were used for proficiency
testing. This proficiency testing of analytical laboratories was based on ISO/IEC Guide 43-1, “Proficiency
testing by interlaboratory comparisons”, Compound fertilizer was used to analyze moisture, total nitrogen
(T-N3, ammonium nitrogen (A-N), neutral citrate-soluble phosphorus (3-P,0s), water-soluble phosphorus
(W-P,05), waler-soluble potassium (W-K,0), water-soluble boron (W-B20J), total arsenic (T-As), and total
cadmium {T-Cd). Silicate slug fertilizer was used to analyze acid-soluble silicon (8-5i0;), alkalinity (AL)
and citric acid-soluble magnesium (C-MgO). Two homogenized samples were sent to the participants. From
the 165 laboratories which received compound fertilizer samples, 84~158 results were returned for each
element. From the 80 participants which received silicate slug fertilizer samples, 66~78 results were returned
for each element. Data analysis was conducted according to the harmonized protocol for proficiency testing,
revised cooperatively by the international standardizing organizations FTUPAC, 1SO, and AOAC International
(2006). The ratios of the number of z scores between -2 and +2 to that of all scores were 77~91% and the
results from the participants with a satisfactory result were normally distributed. The mean and median
obtained based on all data mostly agreed. The median-NIQR plots were distributed near Horwitz curve for

each element, and the HorRat values were less than 2.0 for all elements except for moisture.

Key words  proficiency testing, compound fertilizer, silicate slug fertilizer, moisture, chief ingredients,
harmful element, ISO/IEC Guide 43-1, ISO/IEC 17025, z score

(Research Report of Fertilizer, 1, 138~151, 2008)
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11-2 2007 &£ NEBEESEOL-HOLELBARBERA-
AB L D H =) 538 B Bl fE D SR AT

EREHE— ', IEEASE?, FEREWER , Wk WY, g 3,
HEE S, il oL AR, R R
F—TJ—F  SEREEEE, LA, AV OEREIEE, K4, RS, BEMLS,
ISO/IEC Guide 43-1, ISO/IEC 17025, z 2217

1. [FE®HIC

BEOMEEOREERVATELRRB OMBOEDIITIREBELEBOWTHRESOEMY BLUEFER
SOGHETRTRCTHD. IBEHAEFESOMETEE, BEREREEORBRT T, BBREEO
EEEERR OO EFOR Lod S B ARE TR R Z Em i LANMBEE #RNB
EHIZITONLTOE, EEEBENLEAEFEoS X P, FAEIIZBVTH ISO/EC 1702518 Q
17025) Y OEREEEZEE CL-RBREBOEHERROZAFPEBRIN TS, ZOEREE|T
W, R ORBREEOBESHOBRE R A EERICLIMBAEOEBEEOBRERPLEALR>TH
3. ZOkD, RBATEHERBHCIARBRERNOXRRRBICSMUCHEBERELERT5%, R
OEEERBRIZE AL TS,

INETHRBETHELLCOLBRBHIIAEB O RHABRIT, £EIC 6 > HEIEE L ERE
BB LCHELEREE AW TERISNTEL. LML, AREESROBTBE IR BRRERNE
MBI IVF ETAIEMD, 2006 EELLI, SHIREHSAER2BERSETORBAREO—F
BMOLELELBORBE AW CHRRREERE THo LU, 28, REELY, WEERRE G
FRBRALER T 2V T ISO/IEC Guide 43-1:1997 (JIS Q 0043-1:1998) ¥ % 8B LT TH2 L0 L. REE
i, BB E R O E VOB E BB oW CAE HERE AL, XRARBEERLED
T, FOFRREBRETS.

DHSTATEIE A BHOKEER Z BTt A — RRE R S RER

PMSTATEE A BMOKERRREBW iy
PMSLITEIE AR ENB RN Y — &y —

S ITEEARWKENRRZERT LS4 TR S
SMSIATEIEARWAENBRESHIFE ¥ — P v — KIREEH
© MIMATEIEABWKEMBR RSB F— BB &—

T MEEA B ARBRERS
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2. MPRUEFE

1) ARSRBRESRMBERY

AAVICEAEE (BAF, Heies 20 9) i, B THBX 500 pm OWSDVEEBEESYT, &HE
OREFHAIDHK 3 » ARFECHRELLZE, BMBE2LAESL, OUBBRICILT CEMRIC 9§41,
1~ DELSEBEMFLCERUBLE. KRIZ, BEER 1 0BABREROES TS N4 KoL,
JRBALEOD 4 EHUTHOBFRCELE., ZOBEE 7 BREVELTE, 1~9 OFELhoENEN
—EETO/MEL, 158357208 250 g AVOREH 300 @M, IEALLBER) =T L 3 OF
HU T RETEIRRELE.

BTV ERE IEENT, BT 212 umDBSINEEBIREOL, REEIUREL, OUSHRICE
FTEMRICIZESL, I~90RSEBSELHLTERBIUBLE. RIS, BEEZR 1 0ESBEROEEY
R4 KaREL, IBEALEOL 4SS L CROBRICE L. ZOBEE 7TEBRVIELCE, 1~9
DHEBESDLTNFN—EETOEERL, 1 5472055 170 g AVOBRE 200 BEFHEL, IRELLE,
RY L RS CER L BB ETEBRRELE.

F1 RERER

EEEH 1 2 3 4 5 6 7
3 7 9 4 3 9 2
5 1 5 2 6 1 8

FAN =
BEA&ES 5, 4 s 7 1 2 3
9 6 8 5 8 7 4

2) HEMEERAR

TUPAC/ISO/AOAC O HERB 7 ahan Y o E RV, 1) TR L EREER AHBPLT
NN 10 RB 2R CHE RN ARE LU, LRIBRHZ DWW EMED AVBR (C-P,05) BT
CYEME £ (C-MgO) %, Ei, SLEWTOEBRE BEHI > W THKEEE £ (C-Mg0) 2 & B FRHR
AREHCoE 2 AT CHRBRL T E SRR ORBEE L.

3) B
REE LM LR, EREHEOSITEEREEL2MRRPTIOEM LT,

3. HRERRUREBEE

1) REBREE

LR IBBH W TiE, A% (Mois), ERE2E (T-N), 7 E2=7THEHE (A-N), YABREE (T-P,0;5), <
MY A BE (C-P,05), RIBHEY AER (W-P,05), AR B (W-K,0), <R LI (C-Mg0), OEEE
(T-As) EUTFIV LA E (T-CA) @ 10 HEERRIEB LU, ¥, SE5WTWBRERBHIOWTIE, 7
FEPETVOER (S-Si0,) , 7A-WU43 (AL) R UKEEME L (C-MgO) @ 3 HEZHABREH L.

2) BEAE
BREHIHFEE (1992 SRR YRR OLBUEIR L. 28, FOMOREBRFIESRBLUCRBRERIL, 20
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HEOBEOREL R,

(1) K4y (Mois) bk, BB HIE 3.1 (NEREER) C It E 5. BL, #EMOMIEIXITFhiun
LOETE,

(2) €Faf (T-NZ, BESIE 4111 BRERE) C WLV BENREHAIL, MED ICIvERTS.

(3) TrE=THER AN, BESHE 121G EE) D ICIVERTS. HL, RE2EE 7S
ATEBRY, HEOKLBIE~I XUV LEEMETEETHHOLTS.

(4) DABREE (T-P,0s) 1, IEEHTE 4.1 L1L.CITIVRBHE R UL, 28%, 423 FFE)7F
BT = AE) Ea KEVERTS.

(5) <EEMEDAEE (C-P,0s) ik, IBEHHE 4.2.1.Ch ICIEBHEE TR, 423 OFREITF U7
YEmDAE) B itV ERTA.

(6) KIBMEDAEE (W-Py0s) b, BB HTEE 4.2.1.C.d ICEUBEHERTISIL, 4233 FREI 75 ok
FrEomyLik) Ba itk EETS,

(7) ZKREHEME (W-K,0) b, IREHI T 4.3.1.C.0.2) it LVERBHEZ TRIL, 433 (RAeFEEEIT
PR B Y6 E IV ER TS,

(8) <EMHEL (C-MgO) i3, BBEATE 4.2.1.CAILIVRENERRAL, 4.6.2 R FHOERDEE) Biz
IVERTS.

(9) UFEEE(T-As) X, BROHIE 5241 (VFNAPF A AN BRIREE) D.a2) i k0Bl %
FEL, MEEIVERETS. UL, REBOFETREHREERL, 5242 (B FUOLADEE Gk#E kbR
BAERBER AR ER)) ECIVERTS.

(10) HRIZLEE(T-CE, BRaHE 5.1.2.D.0.2) .0 (EASE) CLI0RBELZFEL, 5.6.1 (&
FRABIIE)Ea LVERTD, BL, EROEOEER IS OLEERNLRNGOLL, B
METHHENED 7S TBCHETAIE. ik, RBEOFETREEEZRML, BE (53R 2. (Fig
M) X0 ERTD, |

(11) WM VEE (S-810,) i, BRI ATIE 44180 WIVRBHELFBL, 443 (7vibhUv
E)DICIVERTS.

(12) 7ALV4 (ALY, BBR2TE 4.5.1.1.Cb IRX0RBHELZARL, 4.522(=F L0 D7 I UEE
ERIEE (AT TEDTA #1409) DL ER T 5.

Xk, FARO G HECRBHREZRBL, fEMER R (BB HTE 4.5.1.2.8) R OVWIHEMEE - (BB ik
4.62E) B HEL, IBEoHTE 4.52.3 EFRERINE) ECIvEHT5.

4. WFHETAZEUVCRBREGEORE S %
1) BESN-REBREOEM
(1) wmzRMNEICELBzRa7ORDF
BT, £FOEOF RAE (Median) 3R D7z,
Wiz, ERSEEE R OT Mo eR, (a) sk M4 A (IQR) 2B H L.

IQR="T W g — LM4aidk -« (a)
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HEHE L XA DY A 7 BE B (NIQR) & (b) sCIC VB H L=, IER S H OBEE, NIQR MEEFEREIT 807
A, :

NIQR= IQR X0.7413 »e e (b)

zAOT7 ()& () U IVERH LK, z A7, %‘?ﬁ?ﬁﬁ%@?ﬁﬁ%ﬁﬁ%ﬁ (x;) @ Median oDV E S WE
FRTRETHS.

z= (x;—Median) /NIQR -+-(c}
(2) zRaTIZLAEEM

F— B ORI EEELUT, ISO/IEC Guide 43-1(JIS Q 0043-1)¥ & H s, HRBREOORBE Dz 7T
0RO IO MEIT T

lz|=2 SRR
2<Z|<3 e EEBLL
|z| =3 ERFAN 7

2) RBRBESAETEY SRR
B G DRE SN RBRERR 2 EFER T 5700, ROFEEERDI.

(1) BMREBRER (F -4 N) 2R

(2) z ASTREBFMEAR R Q2|2 LT RBBE R O EOFIE (%) 2R

(3) z ATICLBE ML L (3>z>2) Lo e RBRBHE R U 0FE (%) &R,
(4) z A TICXBFHEPFRE (2| 23) oo R BE R 2 OFIA (%) R,
(5) ANEEEHL 2 NET —FOEIE (Mean) 3R 7.

(6) AEOEOT IE (Median) F3Rb 7.

(7) NIQR ZHEMERZELLARLT Median D FRFENE (Usssy) & () I TVE H LT,

Upsey, = 2 X NIQR /4 N <o (d)

(8) @-‘f—&mﬁﬁ{ﬁ%(sm%ﬁwk.

(9) SN MAEEE (NIQR) & (b) U IVEH L. ERSAOHE, NIQR ¥ SD L—F ¥
A,

(10) Horwitz EIERS ((e) ~ (g) ) LV, FHR2 =K HREHRE (Horwitz’ SD: HSD) ZE L
fr. 728, CIIERSOEFRBOEE T 1%OBREIE 0.01 EWVHERRS.

HSD=0.01 xC** {0.138<C) oo (e)
HSD=0.02XC™  (12x1072C=0.138) -+ (f)
HSD = 0.22 XC (C<1.2%107) <o (g)
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(11) RSDp tE, BAAANENLRDHEMIBRREOCERTHY, (WRITRIVBEHLE.
RSD,o, = NIQR, Median ceo(h)

(12) Howpt, 2/SAMEDPLR D7 HorRat EOF R THY, ()X LVEH L. HorRat flilx, R
BTHLN-EREEESIEERZED, BFEORRBRICE-SSEMBERBEREEOTRE I ~T
EORBENEMBTHEETHDS. AQAC DX ARIALCiE, 0.5<HorRat il =2 #HFAERMBLL A,

Hoop = NIQR,HSD ee e {i)

5 ERRUEBE

1) HEFEBRARHOMEERR

B HERBR OB R UHRVIEL 2 EI X 10 BB O —ZE B IC I 5B bEbn st BE2R 11
ARLT, W NOBREHI W TS, FER F(9,10;0.05) % TElo7Zehb, F B K S%ITRBUCREHEIC
HRBLRETBOLeho?, e, BB ORMEEREN 0.7~2.5%THY, 2 TORBEOH T AR
FHIWEH CHAZLEMHER L.

2 BEMRERROBR

IR HTRRSY Mean sp? RSD? piE??
(%) (%) (%)
(A4 uk s C-P,0; 9.89 0.16 1.6 2.07
C-MgO 3.57 0.09 2.5 0.59
T TV ERE AR C-MgO 3.05 0.02 0.7 2.51

1) 10RBRAHT T OR T EEE
2) REREOEERZE

3) REEOMEMEERE

4) — OO ECEYE RS OB
5) F{9,10;0.05) : 3.02

2) RERAHEOBRTER

42) (1)~ 4 ORBREE R Oz 227 TSN ERRBU R OCFOBISERIITRLEL, HRo D
RRAETIHBRIEOFEEZZERREBOR A, LRIER P OVABEE (T-P,05) 28 79%EHbHIE
<, fEEREBEER DK 5> (Mois) K UVRTEEME O VBR (S-8i0,) 28 93%EH\bEMolz. — 7, Rl R 1 EOFEN
ERTERREOERIER 3~15%ThY, {LEIERFOYABAER (T-P,05) D 15%BELE, HFIV LA
25 (T-Cd) D 11%, <EEMHEE 1 (C-Mg0) © W%DIETH-.

42) (5) ~(12) TROME EER 4 URLE. BEAPORS TE&EOLEHE Mean ix,
Median LiEIE—E L TRY, SANEOREEZ T CVvdol, LHLRREL, @A 0EHERE SD i, v
AMEIZL>THDLI NIQR IZHEUTRERELRL, ANECEELZIT Tz, ZOIEME, NIQR
FHEUEREE A2 LT Median LRI 1 IKRL, Horwitz 8 E 585107 HSD, HSD X 0.5 BT}
HSD X2 #FBICFRAR L. KOERWE& RS OREBRAE O NIQR i1 HSD X2 % TF[H-> T8,
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R, TBEEEILI) A HNORBREBEOFEM CERANORBRIGREL G275,
23 2R 7 L ARBREEE O
RBREHEH Z M lz|=2Y | 2[z[3” 3
REBEH RBREE H6%) REEREK S0 FREH BEmW)

(L ERAEREH

Mois 146 136 93 6 4 4 3

T-N 145 124 86 8 6 13 9

AN 143 115 30 16 11 12 8

T-P,0;4 140 111 79 8 6 21 15

C-P,0s 143 115 80 15 10 13 9

W-P,0; 143 122 85 12 8 9 6

W-K,0 145 126 87 9 6 10 7

C-MgO 137 113 82 10 7 14 10

T-As 68 57 84 5 7 6 9

T-Cd 85 72 85 4 5 9 11
(BEET U D

$-8i0, 67 62 93 2 3 3 4

AL 83 70 84 6 7 7 8

C-MgO 86 71 83 11 i3 4 5

1) 2RI FTIZ AR MARE (21=2) Yeo B B B OEE (%)

2) AT L ARG L (2z|3) Lino T SREBRE I R O OF| & (%)

3) zx:ﬂ:cl:é%"?ﬁﬁ%:*{%ﬁnegzl)&fxef:%ﬁﬁﬁiﬁ(&fﬁ%w%ﬂé}(%)

F4 EERBRABOKEHE
RERIEE  Mean” Median® Usy sp?  NIQRY  HSDY RSDy," Hog
(%mg/ke)” (Yomglkg) (%me/ke) (%,mgkg) (%,mpkeg) (%,mgke) (%)

({bRCREEL)

Mois 4.98 4.99 0.06 0.48 0.35 0.16 7.0 2.21
T-N 8.74 8.74 0.01 0.14 0.07 0.25 0.8 0.26
A-N 6.20 6.20 0.01 0.17 0.09 0.19 1.4 0.47
T-P,05 1033 10.35 0.02 0.25 0.10 0.29 0.9 0.33
C-P,0; 9.81 9.81 0.02 0.25 0.13 0.28 1.3 0.47
W-P,0;4 7.05 7.02 0.04 0.39 0.23 0.21 3.2 1.08
W-K,0 8.44 8.43 0.02 0.28 0.15 0.24 1.8 0.61
C-MgO 3.39 3.41 0.01 0.19 0.07 0.11 2.2 0.65
T-As 3.75 3.84 0.09 0.67 0.38 0.50 9.8 0.75
T-Cd 1.29 1.24 0.03 0.22 0.12 0.19 9.6 0.62
{FLEVNTOERE AR

8-8i0, 28.42 28.25 0.21 1.20 0.87 0.53 3.1 1.63
AL 48.60 48.70 0.17 1.46 0.76 0.70 1.6 1.08
C-MgO 3.20 3.17 0.04 0.32 0.21 0.11 6.6 1.95
1) 2EOESE 6) HorwitzlEIFR LVEON - FIgRr B FIERRE

2) RO RE 7) ENANENLIRO AR R

3) EEROPRIEOTRRENE 8) m SRRESBR D -HorRatfE

4) ZiROFEHRE 9) T-Ask UT-Cdidmg/kg, TOMOEZIE%

5) FEYE(LXA- Moy I e
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1.0E-01

1.0E-02

1.OE-03

1.0E-04

FLOE-05 +

[.OE-06 +

NIQR X} HSD

L.OE-07 |

1.0E-08 +

1.GE-09 : i

1.0E-08 1.0E-06 1.0E-04
Median

1.OE-02  1.0E+00

1 L FFBRONIQREHorwitzfE FE 22 O B R

X Mois ({LatEEA) 0O T-N ({krkies)

B AN (fhppas) ¢ T-P205 ({urkiRkh

& C-P205 ({LReiEsh e W-P205 ({LhipRsh)

O W-K20 ({krtfEsh) A C-MgO (fhrtiEsh)

= T-As (dLrgiRE) = T-Cd ({LrkEREH

+  SSI02 (VT WEREIEE) X AL (BEWiTWERE IR

A CM©O EINFOBEER) ~—— B % HorwitziE ER)
------- R (Horwitz£ £ ,%0.5) e e oo B2 (Horwitz {8 F3,%2)

3) B B OFERKAE DT
(1) {bREAEEL DK 4 (Mois)

B 146 RBRBNHLHE N H oKD Mois) ORBEEOEMSHFEZE 2-1 2R, LHHE 4.98%
& Median 4.99%I3FE—F U7, &7, R I EHEMEN-RRE|IISED 93%THY, FOSFITIEE
EHEHTThHoTe. ZOZEMS, ZBMUEEOBRREBIIZIOBB FECERLQWELEZHND.

(2) {bRRiEEhOEREE (T-N)

ZM 145 RBREPOLREVRS-HERLSE(T-N)ORBREBOEESHAEHE 222 RLE, LHE
8.74%% Median 8.74%}3—E L, NIQR 0.07%}% HSD 0.25%LV/hNESVME Thote, T, R I LEMESh
TeRBREIIRAEO 6% THY, TOHMAIRIZTEERFT Tholk, Z0IEMNE, BMLEEORERET

IORBHFEBEIIERLCWALELZBNS.

¥, SBBRELLI A - MEO BB O BB L AV ERBREOBRENRDY, WThb R | L5HE

ENLBRBREE THoT.
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40 50 - e e
o - 40 oo e
™ T I et o
7 AU It BN NN IS 45
f}% )%20 e e ] e e e
A S R
# B 88 R L8 & &4
Q of 00 o0 o6 o0 oo o5 oo ‘é}\
oo 6
T-N (%)
2-1 flRk BRE A OMois (O3B AR F2-2 {LREimE O T-NoRER g
DERBRELLCETRERE OEE B SbULV B AR

30 30
25 .‘...,..,NWﬁLL._.n,._._._.A_#..,,“,.,,AA,,_A.um...- 25 i e e e e a o e e e o O
20 ...................... e v e 20 e e e e e L e o e e -

N A N A S S N N A
®KS2849888%934838n
SsgssssSs:ss2S8
= =
T-P20s (%)
E2-3 LRI OANORBRR B2-4 (LA OT-PaOsO R
OE O fblyv B8 TR OWE B bl B TR

(3) fEmEEhnT 2T HER (AN)
B0 143 RERENLBRENHoET o7 HER (AN ORREECER S Mz 2-3 IR,
TIGE 6.20%E Median 6.20%F3—EL, NIQR 0.09%L HSD 0.19%L0/hXWMETChoTo. £, IHR1E
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FHHENCRBREBEIRED 0% THY, TOSMILIFEELETH Thote, ZOIEMND, BMLEEZLD
ARZBIIZORBRTBECERLUTWAEEADNS. 22, FRLTOARVWRRE LS WELRTER LS
Ao, REOER, BL~7 227 MR ZOKBRE TN AR AV G S, SR OB —
HAMLCTreo7HERLELID, BOVERRTIERDE. 20D, EBWEEE T3
DT =T HERORE TR, AP ES STV ERBTHLERDD.

T, SHRELLINA - MEO BB O EBEEAVWIRBREEOBRESHY, 3 BRI FHR ) LT
WESNDRBEAMTH-0, 2 RBRERIFMEILHASHARBARE THY, WTFHbEWETH-
1.

(4) {LALAER R OV AR 4 £ (T-P,05)

BN 140 RBREDPSI|E R DH TV ABES B (T-P,05) DRERBAEOEH DM F 2-4 107 L. EHME
10.33%& Median 10.35%/Z1ZiE— L, NIQR 0.10%i3 HSD 0.29% L0 /pEWE THoTo, Fi, [R5
HSnERBREXLED 19%THY, FOSHILNFEELERFHChoTe. 2B, IR E | L MahtR
BBV EED 15%THY, BMELENEOHRBREOFAMZEFRZE ChHoT-.

e, | RBRENOEE S 421 2V VERECISRBABORENHY, R LFMInIH
BE Thot.

(5) AbARAEE R OB AR (C-P,0s5)

B 143 RBRENORE B H o7 B ABE (C-P,05) DRBREE D ER S LR 2-5 TR L. E
{E 9.81%, Median 9.81%Kk B MRRHEBRICB T EHE 9.89%251EF—H L7, NIQR 0.13%/3,
HSD 0.28%L0/NEVMETHY, WHERRARICBIIHEREE 0.16%EISFRZE0E ChHo7. Fir,
MR CHESNERBEI2E0 80%THY, FOSHIIREERE RN Thol. ZOIlhb, ML
TeZ<ORREBIIZOBRBFEIZERALTWALE 2 Hh5,

iz, 1 BRBRENGIER ST 4.2.1 ¥ 7V CERBICIARBAEBOHRERHY, IR LT MshaR
BREIE ChoTz.

(6) ALRCAEEh D AEEMED A B (W-P,0s5)

BN 143 REREDOBE N TR IBHED A B (W-P0;s) DRBRBRBE OB K S A% H 2-6 IR L. F
Y& 7.05%& Median 7.02%i%—F L, NIQR 0.23%I% HSD 0.21% RS DE Thote. £, R | &5
ShERBREREED 85%THY, FOSMINITEEERTFEThole. Z0IEhd, BMLELLORE
FIZOBRBFECERLOWALE X bhA.

iz, 1 RBRENDIEE STE 421 S VCVERBBRCIARBABORERHY, BE | LM AR
BRAAR Chotz.
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30 30

............

C-P205 (%)

2-5 (LB R OC-P0s DB AE E2-6 AVREEEE R OW-P0sDRER LR

OWEESELLV B RER DR B SbLY BRI R

(7) ALEEEE R OB B (W-K0)

B0 145 RE RN LI E N b o T K BN R (W-K,0) ORB B OEH A EE 2-7 IR Lz, Ty
il 8.44%% Median 8.43%ILiZIT—E L, NIQR 0.15%}X HSD 0.24% X0/ hEWEThoTe, iz, THRd L&
SN RBEISED 87% THY, FOSMITSEEARNHE Chole, ZOTEhb, BMLEELD
RBEIIZOBRBFIEICERLTNDEEZLND,

T, T —ANEE R EE: 67 RBRE) ROFEPRER (75 RBRE) I HRBARIC -
WC, EREOEBICIDRERITolEls, TRENOEHEI 5%OKETHBERZTRDOIED o
2. 3 BRBRE NG ICP RIEEICIAMBABKOMENDHY, 1 MBS | SFHMMENSHRBRERR THY,
1 RBEHLURE R | SEBSh2B W EORBRE Chot. 3RBRENLIER ST IE432T 7
JAEHEEF NI AR RIBICIARBRBEOCRENHY, 2 RBREIIIHE | LEHHSH R THY, |
REREII AR | LR AR W EORBR R ThoTe.

(8) {bREHEE:R o <{¥EMFE £ (C-MgO)

#h0 137 REREILPENH o7 EMEE 1 (C-MgO) DRB B OER S AL 2-8 ILRLE. ¥y
i 3.39%) Median 3.41%% QU #HERRBRICBITLEHE 3.57%EFE— KL%, NIQR 0.07%i3
HSD 0.11%X0/EWETHY, HEERBICBITHIEERE 0.09%L12IEREOETH-o7-. Fi, T
BICHEMENERBERASED 2% THY, TOSMINSEER}IThoT, i, [THR ) LFFls
NERBEIREEO 10%THY, BV ELRVEORBREOE S MZERETHo .

T 6 REBENDIEEAAIFE 4.6.1 =F L P TIMEREE E (EDTA ) IZEARBEEORE B hH
Y, 5 HBEEIER | LEEINARBEE Tho. TRBEND ICP BAFBLEIRBEEOBELD
D, 5 REREIINEL LIS ORI Th-o Tz,
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30 30

25 [ [ EERREREEREEEE 25 -

20 frreeeenee [ F--1 b /714 W% 'ESSROUUUPURUS B S S AR
35 15 IR N
i 3

10

W-Kz0 (%)

B2-7 {bpeEEE R OW-KO 05 R Y

b
"""" TS

[2-8 {LAEAEREH OC-MgODTBR
OWE O RbLV B REE

(9) fLiREER B OUE 2 & (T-As)

BN 68 RERENLIMEDH T OFERE (T-As) DRBREE O ER SR 2-9 R U, THH3.7S
mg/kg & Median 3.84 mg/kg iXIZIE— 8L, NIQR 0.38 mg/kg X HSD 0.50mg/kg LU HSWETH -T2, &
7o, TR | EERMESNERBREBESED 4% THY, TORHXBIEELERH Thol. ZOZEhE, &
ML S DRBBRZORBFIEICERL THBEEZLRD. 2B, BHRLUTHRVWRREIEWES
FTEmAALR, BB EORRICBIARIZIAS BT+ Thole e DIEWEERRLEEE L
BB, |

Fie, PEFNTFFIAAIEREE R EE: 2RBRR) R OFEFRAANE Q2 REE) Lk
ARBREICOVWT, EREOBICIBMELToLIs, TNEROEHEIL S%OKETHELE
HBEH LR, 4 BREBREND ICP BB ILLIIRBREOBENHY, 3 BWBRZX MR | LFTEsh
HRBBE ThoT.

(10) ALREEE R OHRID L2 E (T-Cd)

B0 85 BEREDOLHENDH TP AR (T-Cd) ORBARBROE S EM 2-10 IRLE, B
f# 1.29 mg/kg & Median 1.24 mg/kg /ZIEIE—EL, NIQR 0.12 mg/kg rX HSD 0.19 mg/kg LO/NEWETH
ofe i, TR SFESIERBERILRO 5% THY, ZOooHIEEEE/ K Thol. 0k, [
R EEES N RBRERERO 11%THY, BWERZTRTERNLALNRE. JIESRBICIAHESFR
b AT E e T DI EVMEE R LI EE 2 HNA.

¥, D, MIETE (49 RBE) RO MIBK 258 R HE 3 BB E) cIoBBRgic >\, 1
EOEICIABEEToIEDA, FNENOESER 5%0KETCHERRZEIRDLNGPoT. 4 B
L P IEECLARBRBOBESDHY, WThLTRE | LTSN ORBREE THo/. 8 B
B D ICP BB ICEISREBRBEOBRENHY, T RBRERINER LM RBRETHY, 1 R
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AR R SESh DBV EORBRER ThoTe.

20 20

I5 fmmmmm e

T-As {mg/kg)

X2-9 {LERHEE R OT-As OB AR 2-10 {LE&iBsh o T-CAniRER R
gL  m— 5} : IEETR B L
e MG R SR S = AT

ST iR OMIE

(11) SESWTOERE BB O FTE T BR (S-S10;)

B 67 REBELLIE N Do AEMEITOER (S-Si0,) ORBRBEOER S AER 3-1 [RLE.
Median 28.25%3TEHE 28.42% L0 TRV MER R L7, NIQR 0.87%1, HSD 0.53%D 2 ¥ &# 2T
Wirieoto, E, TSR I LEMEN BB EBIIEED 93% TH o728, TOyHiE Median JDERVVEID
FAERRB-T. CORRE, BROEROBEOBEEERCHEIT+L ThHollil, TORDS
R U RIEICB TR AR LB E RN,

Fir, ol AE (54 RERE) R ORISR 4.4.2 BERBE (0 RBRE) ICLOHBREHEIC
W, EWIEOEIC LA ERTolEIA, TNENOEBEI 5%ORETHEREIIREDLN P
P 1 RBESOIEESITE 4.4.1 BRI IARBRBORENHY, R | LM INHHBREETH
oz, 1 RERE D ICP BHFILIARBHBMOBME I DT,

(12) SESWEWERE BB 07 v 43 (AL)

A 83 REBELLBERDHTLTAIIY (AL ORBRECERNHEE 3-2 TRLE, FHE
48.60%F Median 48.70%ILIZIF—E L, NIQR 0.76%!3 HSD 0.70%& B S DA Thot. iz, iR &5
FEENTRBREITISED 84% THY, FOSMIATFEERAINB Thole. ZOZEDE, BILILEIOR
B ORBFEICERLTWALEZENS.

Fi, P RERIYETE (59 B E) R 1N EDTA ¥ (22 #BRE) ICLDRBRBEICOWT, FHEOEIT
IAREERTToREDD, FHENOEHER 5% OKETHEBRELR DN o7, 2WHBRENLICP
RV FEICEARBREORESNHY, 1 RBREWIHE | LFMES AR B Ch o7
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(13) SESWETERE AR P O<EE M + (C-MgO)

Z 0 86 R BOOWME R o7 BEEE - (C-MgO) ORBABOE S HEER 3-3 R Lk, FHE
3.20%& Median 3.17% K OB HRERRICBITA M 3.05%ILEE— L7, NIQR 0.21%%, BE
MR I AR ZE 0.02% L0 KX VRS, HSD 0.11%D 2 F5 9581 Cbolk. gk, [
RBIGHRSHERBREBIISED 83% THY, TOHMINTTEERHThoT.

Fo, 8 BEREND EDTA BICLARBARBOBENHY, WL IR | LI MESh 2RBREE Tho
7. 3 RBREMNS ICP BB IARBRARBOBERDY, 2 RBRER TN I L EINAR BB Cho
7. :
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20

1§ fremmm e b

B3-3 GLEWTWERE R OC-MgO
DI R R

OE B SHhLV 8 R e

6. F&&H

(R IRE 10 B4 & OEEWITOERE IBEL 3 R e oW TAMRE EF B oo DR RIRBREER L.
SERER I SR MBI LS 2 AT R WTEM L. TR LM RBREOB &1L 79~93%T
B, TR R ) LSRR EOE ST 3~15%Thotz. TR | EFHBS iz AL ORBERIX
RO Tlhote, — 7, [RER | LI HENA 0L >OBERELT, ZORBREOTITEHE TS
BAh B EOSITRBELLTVRNWIESD, BIRE BEOSH FIRICBEL TWRWIERH TR,
1E A E DR TEEO EBE Mean b, TR Median &1FiE— LT\ o, BiZ, Median—NIQR &7
py kLo A, Horwitz 8 EROIEHF I 2m LT,

Ei EEORBIEIZLAEE (10 BREBRED L) Mhok o 0RBREIC VT, FEMOFEED
EDBREPER LA, BT LR TORS THEMICEBREIBO b7, KEEME
(W-K,0), SIS+ (C-MgO), DR 2 (T-As), WFIVALE (T-Cd), FBEEIN OB (S-810,) R U7
A AU Sy (AL BT ICP BBz LARMBRB S B SN is, Wb 10 RERERTh-o72 0T
75 R O H B ORRHT IXAT ez,

7.8 &
SOHBERBAERTAHCHED, REOEH- AN, HEERBESKRIHAHREVELL, BRE

8T kR A F L T 5 & Okt 7 4 S 3% IR T8 0 B4R #E &ML ROR B B E
1.
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Proficiency Testing for Determination of Chief Ingredients and Harmful Elements of
Ground Fertilizers (2007)

Yuichi TAKAHASHI', Kimie KATO?, Shinjiro IDUKA®, Akira SHIMIZU®, Manabu MATSUZAKP,
Tomoe INOUE?, Takeshi UCHIYAMAS, Yuji SHIRAI' and Susumu SUGIHARA’

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
? Food and Agricultural Materials Inspection Center, Sapporo Regional Center

* Food and Agricultural Materials Inspection Center, Sendai Regional Center

* Food and Agricultural Materials Inspection Center, Nagoya Regional Center

’ Food and Agricultural Materials Inspection Center, Kobe Regional Center Osaka Office

% Food and Agricultural Materials Inspection Center, Fukuoka Regional Center

? Japan Fertilizer and Feed Inspection Association

Reference materials of ground compound fertilizer and silicate slug fertilizer were used for proficiency
testing. This proficiency testing of analytical laboratories was based on ISO/IEC Guide 43-1, “Proficiency
testing by interlaboratory comparisons”. Moisture, total nitrogen (T-N), ammonium nitrogen (A-N), total
phosphorus (T-P;0s), citric acid-soluble phosphorus (C-P,0s), water-soluble phosphorus (W-P20s),
water-soluble potassium (W-K;0), citric acid-soluble magnesium (C-MgO), total arsenic (T-As), and total
cadmium (T-Cd) were analyzed using a compound fertilizer sample. Acid-soluble silicon (8-Si0,), alkalinity
(AL) and citric acid-soluble magnesium (C-MgO) were analyzed using a silicate slug fertilizer sample. Two
' homogenized samples were sent to the participants. From the 156 participants which received a compound
fertilizer sample, 68~148 results were returned for each element. From the 86 participants which received a
silicate slug fertilizer sample, 67~86 results were returned for each element. Data analysis was conducted ‘
according to the harmonized protocol for proficiency testing, revised cooperatively by the international
standardizing organizations [UPAC, 18O, and AOAC International (2006). The ratios of the number of z
scores between -2 and +2 to that of all scores were 79~93% and the results from the satisfactory participants
were normally distributed. The mean and median of all data mostly agreed. The of median-NIQR plots were
distributed near Horwitz curve for each element, and the HorRat values were less than 2.0 for all elements
except for moisture. Where more than ten results were returned, no significant distribution difference was

observed between the different methods used.

Key words  proficiency testing, compound fertilizer, silicate slug fertilizer, moisture, chief ingredients,
harmful element, ISO/IEC Guide 43-1, ISO/IEC 17025, z score

(Research Report of Fertilizer, 1, 152~167 2008)
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12 BIEEMERHMEFEROATIVRUSTIIVEO EMSESERE

HAT 8 ABRE REED |, BIHEET |, anih '
F—O—F AT, UTRER, BIEEWHEE, EERR

1. FZLHIC

B, PEROBH PO BBOBBM L TAZINBALLEEAHE I TOS. IBRHIS
WTh, ERATHIEREREOERLBOGHELSRENTIRD, EREFENEL, TOR
BT TERVATI BB E UL TBREMMBREL., 7 — L UTRBEEE RO TATIV AR
ALZERERESIT LIRS, ERE2RELLUNBRSh TRIMESN S, AT (X530 R U F OBENE)
DBRANTZEBOREELE TIWEENS, FATuw N I7E BT E (GO/MS) VE BV iR o 25
ERFURCEOBEDH) 2ERBTIRREBEZ OV TEREH, BRSZE0RBFEORYHED
PR ERL, MR THEELRELNEY,

~J5, WEWCAVD GCMS B THHY, BE A, £ERES CRALTCVAEERITTLAY
ROZEPD, ATIVORAOFELHRB CEAEHREERBREOHBELBLESR WA, ABEHO
AFIVRV T INBOEE T AT VT XL — OB £ R T2 L8R5 TRY, ZORE2F
LIeAGIV OEBEFBAENTOEY EH O, BIEMDERERESEROATI ST 585 67
ERRRIUGEHAL, ToEASBEE KRB TRERE L.

Ry, R R MW  N&EEF=(%)

)R: A3 NH, NH, NH, 126.12 67
NN 7oA OH NH, NH, 127.10 55
)I\ /;I\ FYAUF OH OH NH, 128.09 44
Ry N Rj STAVEE OH OH OH 12907 33

1 AR OBEMEOBER
2. MHEBRUAZE
1) g
HROBEE KT IAH, BEXEABR, = NT o3 b, INET AT, B LA, EE
X, RKEEITEORERBITEE = LBz AR, BIETERELE.

2) MEFOHEE

IRNIAT B A BRI R R S S - IR R S R
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(1) &K HEROSYMRMAVORBRAOKEER L. ERICATIV R LY 7 IVBERE
AWTHBRLZWIEEHEFRLE.

(2) T RABRERR: RN, 7 XVER 0.1 g BLE%RIK 50 mlL oA TafiaE, AL

(3) AZIERW: EREI, ATI02 g BAEEK S0 mL iz TfEE, AL,

3) BERUEE

(1) 300mLEBEOFEH: BRTELLO

(2) v—}k

(3) BB VS CHERLLD

(4) A#&: JISP3801 ICHETHEESHTH 3 BIcHEEOLO

4) HERERME

(1 HHE (®2)

SHTEVEL 10~20 g B0ED, BERICANE. # 10 HEOKEMEZ, 30 BEEVRY, PEEEL
7z, ERAEEARCTAHRLL (ARBEERE S, BOSMEERLE. ). SHEOEELRERE (A),
HEE (B) R URBRE (O Izt AN,

ST SOVERIRIE 1~2 mL ERBE (A) [N TIRYEE, # 10 SFEE L. Ei, ATIUEE 1~2
mL 2R (C) WA TEVEY, 510 2@ L.

(2) HE

A0 EFL, FRBRE (A)OBEOHIBICEIVERLUE. STRAVEBOEREIL, BERE (C) DFERD
BBICIVEERLZ(E 3). 728, BEh Il ek, RBRE (B) O GHRID A3 REL TR L
7.

[ obrebh 10~20g | 2588 300 mL (RO TEDHHD)
— 10EBEBEDKX

| i | sofsmiEvERe
|
1 %‘i@ | A3t
SR HEERBRE (A), REBRE (B) RURERE ()0t
7~ nNENEEF AN,

I
REVERC |

RERE (A)— 7 UVEEISIE 1~2 mL
BT (C)— ATIEE 1~2 mlL
HE
AZIINETET BIBE, BEBRE (A) OERN RE TS,
T INEEBEETHIES, BRE (C)0OBEN BB 2.

B2 BIEESEIEEE GO ATI R LT RLBO EERRE o——h
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B3 BEHEET g/ THATIOERRE

3. BEBLUER

1) #EFRE

BREREAR, BERIEALE, 23— AT 030, NEIATY, BHLIFABARGIE®B RS
KAENETN 1% R U 3% MBS BIRMENEATIV R G 7P IABERERCIVREL-EELR L ITRLE.
W NOBENRLLATIV R RO TRVEBIRHE SN, AFIOBEEEHEIL 67%LEm0 b, 2h
SRR R IR E AT LA — A TERERLL IS TLEI BTN DS, RIETIL, B
EEYEERE R EOREL- L TERLEATIV R U T VBRI CEAI LA FEE L.

2) BUETHRE

REHET B O Rl TICEMEN M BOATIV R UL T RVEBEREIC VR B LI EE R
2 ARUTC, AP IS TINVEERER BELT 0.02%~0.5%C28 X3 2 R FnmmU-atEl 2 v
TEMRBEERLLIS, AZIRVTRL 0.05%F CRHSNE. S, U7V, KEmd ¥
T 0.05%, ¥fo, RicRldT T 01%E TR B ShE.

IOFERDD, FRBREORE TRIZATIVC0.05%RE, v 7XAET 0. I%BELEEShE.

3) KiBDFE

KEMPTRORIREPTIZEN TN 1%E S BIRMENATIV RO T VB E KK R 40°C
DOAREHOTHRIECIORBUCRER, Wb EERISEFLE. IBREE, AERBE COKBIXE
BICRBaNLD, REIARICEEESN RV LE)D, IR OCEH2Bb TP AR, £ERBS
TR EELB A b,



RIERSE RIS B O AT R U7 SOV EEO TEMBEREE 171

F1 ARV TINBROENRBRER

bl OfEYE GSHEY AT T IIVER
BERERAR 3% +2 +
1% + +
BREXAR 3% + +
1% o+ +
St T S 3% + +
1% + +
INRT T 3% + +
1% + +
B&HERAR 3% + +
1% + +
SRERR 3% + +
1% + +

1) AFIL I T IABOTMEE
2) EMEREBE

2 RBEDATIL KU T VERD FE BRI R

O sEEY AFR ST IVER

KE DT 0.5% +2 +
0.1% + +
0.05% +- +
0.02% +— -

Tefz Ny 0.5% + +
0.1% + +
0.05% + -
0.62% —

1) AP 7 B OTRIE A
2) TEMERIGEBME

3) EMER B (EE)

4) EMERIGEE

4. FEH

ARk R D AT R U7 RAVBEOERRBREBEERITLEEDA, 2E¥OLBYOREEE:.

1) BlEREHERESPO %RV 3%BEEEOATIV ROV 7 SUVERR R T TET.

2) KEWPTEORREPTEEOCURN TRORBEERLZEZA, AZIR T TINVEBRO
B TR 0.05%~0.1 %R E L EShL.

3) A, KIBIEEShROIEDD, R OFHLMOTIC R R E, £EERE CHEB AR
Zxbhiz.

7k, BEORD, RERFIEDOREME FAMIC R— 52— I B L"),
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