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4 ICP BEEHNMEHICP-MS) RUVETTRILEFWANXEF (CV-AAS)
[2&BBRRFBEEHIDEERFDAIE

INKRFIG !
F—U—FK  JRIRIBIEIEEL, ~A 7l o fR, —FFH1iE, ICP-MS, CV-AAS

1. [XL®HIC

TGIEIEEHIIZ ATV ICB W CERETFSNDAEFRS (IRIV L, $h, =o)L, yan, OF, K O
RRENFESNTEY, Yi%h ERRBRIEI LA EE TH AR LY 02 Y MO RS AL 5 5L
SN QOB IERME B IED SRR SN TS, L LSSl T T E R O S 2 e L CER S L
TR, WREEHZ R 218 ] - 29 MRS IO, 2, ATEBUE TIEEWaE%2 100°CT 5 FEH
RIS Tzl Bt D TV DR E R P A EE U CHRERR ESIVTODD, HRAIROIGIENEE (LLT, #ARTE
TENEBIEND ) ITK D BB 'mDFEF @D, BEFEO T EZ W5 GIIE TR A LB LRV IE R
ICE BEOMRREZ VLTS, RN ARV T E TEDIEEHIMR A D70 M B e /N EIZ IR DY
el TRY, AR UEFEITIT RV 235 5.

ZDT=H D7 VR E CIVKIRE £ TRIE CED LD, v A/l i dkiE I Z LB 0 fR D%, IR ?A
(Cd),ﬁ’ﬁ(Pb),v—‘yﬁll/(Nl) 71 (Cr), OSE (As) D HTICIEREER & 7 7 XA~ E &5t (ICP-MS) |2
LHHE %, KER (Hg) Do HriZiTiE oAb+ ot EE R (CV-AAS) IZE DB EZEAT VY, «ﬁzbkﬂ?diﬂﬂﬂﬂfﬂ@
HEBEIITEOR— ﬁ%ﬁ% LD MR A T =D T A 175,

2. MHERUAE

1) RHOFH

Tl L COBHIRTEIEIRE A E O EE 00 skl Uiz, 72, ~ Aol ik @ L ok oy it 2 e
BB, BEEMERAFEIELT Table LR TIRA HE CIERRRERE Y E (FAMIC-C-12) &/KA N
ARG VR AR SRRl L7 3k A A L L 7=

2) REZORAH

(1) ARIVLAEUERL (1 mg/mL) : FAYEHISR T2 JCSS
(2) $nEEMERE (1 mg/mL) @ FIOEAMiZE T3¢ JCSS

(3) =o/ N FENHER (1 mg/mL) : FSEHISE T2 JCSS
(4) e L FEHER (1 mg/mL) @ FYEHISET 3 JCSS
(5) OEREYERR (1 mg/mL) : FoYehliZE T3 JCSS

ORSEATBOE N RMOKEE TN B L N 1 S — BB e A



ICP-MS & ONCV-AASIZ X ARG IE AR E - O B4 B2 ORI E 27

Table I The combination percentages of the sample used for the test

The content (mg/kg) of heavy metals

Content (Certified Amount Combination o
Used raw material value) @ percentage in the preparation sample
0,
(mg/kg) (%) cd  Pb Ni Cr As Hg
Composted sludge C(_1: 1.81, Pb:35.4,
o) Ni: 73 ,Cr: 82, 0.3 1.5 0.0272  0.531 1.1 1.2 0.321 0.00722
fertilizer As:21.4, Hg:0.481
Water” 19.7 98.5
Total 20.0 100
Content (mg/kg) 0.0272  0.531 1.1 1.2 0.321 0.00722

a) Fertilizer certified reference material (FAMIC-C-12)
b) The density of the water is calculated as 1 g/mL.
¢) The moisture content of the preparation sample, 98.5 % (mass fraction)

(6) ARHUEHERL (1 mg/mL) : FOYEHiZE T3 JCSS

AR A TN T OB FR EL TR W, SRR ARG - A IR L ClR G (Cd: 0.5
ng/mL, Pb: 10 ug/mL, Ni: 30 ug/mL, Cr: 50 pg/mL, As: 5 pg/mL, Hg: 0.2 pg/mL) ZFHBLL 7=, 7=, IRAIEYE
JFR AR, FHERIREEDS 5 % (ISFE 53 3) 1270 DL BN R 2 N 2 IR A AR MR A Sl L 7=

(7) a2y LFEAERR (1 mg/mL) : FnyehisE T3 JF-We it A

(8) L= LHEHEWL (0.1 mg/mL) : AccuStandard ICP-MS H

R A N E NV DREERIRE L T, BRI 2 SRR EEDY 5 % (IRFE 5 38) 12722 KO
HAHER AN Z IR - AR L CIRA PV HERR (Rh: 0.1 pg /mL, Re: 0.1 pg /mL) ZFHHL7-.

(9) fii2 (68 %) : ZEE{L T3 TAMAPURE-AA100

(10) BER(LKSE (30 %) : FOEMidE T2 WL stT F

(11) 7K AHE#dEE E (Elix AdvantageS K& OY Milli-Q Academic A-10,Millipore) THE L 7= JIS K 0557 (28

ET D A4 Y DOKRE .
FFRLL CWD LIS O RFEIZ W TR 2 .

3) BERUKE
(1) FEFEETTA~E &5 HrEE ICP-MS)
D EEEUERT ICPM-8500 (DU EEARAYE #/0ATat, T v 2V R A E R I ER)
(2) ICP HI B @A BUEE . BEES/ERT ADU-1
(3) BILKULE TSR (CV-AAS) : HARAL RV LAY RA-3
(4) ~Arva/rfifdEE . Anton-Paar Multiwave 3000
(5) mLyEEE: =79 H-26F
(6) RYFurL Ml nEe: V—T/P AT A DigiTUBEs 50mL
(7) /K%3%t: METTLER TOREDO HG53 47 7K4yat

4) BERIR(E

(1) HARIBIRAEAL R 0D 7K 535 Jo OV FE DI E

HARTGIRNER DK Gy & A B B3 o720, JERHIITE 3.1.1 C4) KUK RHILDRIEZRTo T2, iz,
ZELUTEEZEN T 25720, /oridkliz 10 mL 287723230 ey, EEAE F RIFICTHFEELRD
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(2) BRI D FTE

T 71 TFM B0 & E 0 R 2 HTadEl 20.0 g(7272L, ETESHE T 0.5 g FREELL ) 2130 &0, i
fi£ 2.5 mL & ONHEERL/KSE 2 mL 201272, BIaNBSEo7205 CEIaNFELUOGUENIHaAlIL L Ty /—
VR ), ~ A7 fRIEEIZEY Table 2 D37 07 T MZHEN DRI, 7238, 73RN+ 0 &7k
HOENDEAIISSITHIER 2.5 mL K OuBE(b/k#E 2 mL ZHNURSME CHRESRZIT- 1. nt, 5k
KER)7ae L AN O REHIK TR LIAR, 50 mL OFEHRECTAEINZ T 3000 Az, 4y (K 1700 Xg)
T 5 SRBEOABELT- 8%, EBAEEREHARITE Uiz, JE T DR 1 B DS e E R & 48 2 D3 BT
X, EEARL, KT OHERIRIED 5 % (K55 3) 2 L7e b JOICHEBA A B2 L.

Table 2 Operating condition of microwave digestion equipment

Electric power  Time Temperature State
W) (min) ()
step 1 0—1400 10 Room temperature—240 Heating
step 2 1400 10 240 Fixed temperature
step 3 0 20 240—Room temperature Residual heat

(3) BHEeRFONE

(a) ICP-MS (2 X5 EREIR DR E

FRBHATR e ONRA WA YR A B BN A RIS E e 9:1 OFIGTIRA L% ICP-MS [ZEAL,
g, 208pb, Ni, 2Cr, "*As, '©Rh, ¥"Re Z|EL Cd, Ni, Cr, As, (X Rh T, Pb (X Re THIEHEREL7-.

[FIRFIZ, IRAIEEIR AT EL, MEREVERL COMRREI T ORIV A, §y, =o)L, Jun, OFRES
BH U, IRATEAERIIRSEEIREE Y 5 % ((KFE /0 5R)© L7 BT REIL7-.

ICP-MS DOHIESRIHTILL T DLID.

e JE I H ) 1.2 kW
YTV RS 3.5 mm
I —J NI AR 7.0 L%y
TIRX~H AR 1.50 L5y
X U7 AR 0.70 L5y

(b) CV-AAS IZL2FERARORIE

NEBFERERE 5.1.a EooKUbEFUORTE (4)RBERE (4.2) flEIC X7,

72k, IREGIEYERR (Hg :0.4 ng/mL~10 ng/mL) ZEL, MEMREVERL THoHralE R o KRR EZ R L
7z

TEE{EOWME% Scheme 1 [Z/RLT-.
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| Sample 20.0 g | Only less than 0.5 g as organic
matter

<Nitric acid 2.5 mL <————

<Hydrogen peroxide 2 mL As needed

| Microwave digestion |

| Transfer |

—Water (To the mark line)

| Filled up | 50mL P.P. Volumetric flask
|
| Centrifugation | 1700xg 5 min
| |
Dilution | As need | Dilution

<—Mixed inner standard (Rh,Re)
(Added 1/10 times the amount)

| ICP-MS | | CV-AAS |

Cd,Pb,Ni,Cr,As Hg

Scheme 1 Analytical procedure for heavy metals in fluid sludge fertilizers

3. BKERUEER

1) BRFRIEHDOKIERVEZEEDE

TBIRIEEI O H FERY O & BRI E S0 TRl 52810705, 2O BM RO Y% E A &
ERER LI ITT P OE R BICRE T D0 ENHHI-0, B OKS &G BERD-. 8 FEOWIRE
TRAEEL DK G A B DV TIREM I HTEIZ LV R D 7= (Table 3) . K& A BIdH KT 99.93 % (E &),
B/NT 95.05 % (E&5r3) Tholo. £z, BEOHIRAENIIT 27K 53 FHT L DK G0 1E 00 26 24 MErfere A
RS SITNDA, IRTETRIEEHC S [ E F 038 CEX 20 E MR T 5720, Koy it FV ik sy
OREMED R DT (Table 3). FFHNIZAERITH L TR OERICLD EEOREEI T2 5, AHEAK
e 5 % THIEMIZAERZITRDO bR D T,

Z M, MERFEDOSZ B LT, BEZRE LA R% Fig. 1 ITRLT.
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Table 3 Comparison of the determination values of moisture
by Methods of Analysis of Fertilizers or moisture meter

Methods of Analysis of

o . The difference in The comparison of
Fertilizers Moisture meter the measure the measure
Sample 3.1.1C4)
A" % BY %" A—B %" (A/B)x100 %
Industrial sludge fertilizerl 96.74 96.89 -0.15 99.8
Industrial sludge fertilizer2 95.05 95.41 -0.36 99.6
Composted studge fertilizer1 97.12 96.92 0.20 100.2
Composted sludge fertilizer2 96.06 96.22 -0.16 99.8
Composted sludge fertilizer3 99.31 99.32 -0.01 100.0
Composted sludge fertilizer4 99.55 99.60 -0.05 99.9
Composted shudge fertilizer5 99.29 99.26 0.03 100.0
Composted sludge fertilizer6 99.93 99.98 -0.05 99.9
a) n=1
b) Mass fraction
1.025
1.020 ~ © o
’g 1.015 A
=1}
~  1.010 - ©
z ©
2
[
A 1.005 + o
O
1.000 A g
0.995 ‘ .
94 96 98 100

Moisture (% (mass fraction) )

Fig. 1  The relation between moisture and density in fluid sludge fertilizers

2) BAHOIMERVBIEREORE

MRS NI E TH DN ERBRIE L DG IRNEE P O BR B E O 3 HTEDOHE % Table 4 12
AUz, YREOMTEIZE R R 2 E U CTER S, 72, JiRICI0 MR OMIE FIEN R0, =R
ST THMTDUERDDS. BRIGIRIEEHI K3 %2 EITE A THWDT2, KRS E4 R EITBEFEOJR
TSN G TR ERN RO T EBNRECTHHEEZ LN, 20720, flish, MEtE%sE B LR %
BT~ A7l 5y i B V2 ICP-MS IZ LD FEARJB S O T iEERET LT (Table 5). 703, BE#® 1IN
FEHEEZE IO TOZRN, (GTRIEEHIE W~ R o7 AR PSRN b NIERER AR 52 8L, R
e LU CRIFEDVGIRAEELD 73479 0—F o3 AT 01 JE 3 21l i S0 H o w A0 = 2% L
7o, Fio, KEUT ICP-MS AW THIESHCOSIE YL H 50, AT —Zh RO FBNZ LM EARE ER T
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AZENTETHIENNE TH-T-720, CV-AAS WAL LEUT-.

Table 4 Test method of each ingredient by Testing Methods for Fertilizers
The outline of methods

Ingredient — -
Sample liquid preparative procedure Measurement method
. o Fl tomic absorpti
Cd,Pb,Ni,Cr Aqua regia digestion ame atomic absorption
spectrometry
L o e Hydride generation atomic
As Sulfuric acid - nitric acid - perchloric acid digestion .
absorption spectrometry
o e Cold vapor-atomic absorption
Hg Nitric acid - perchloric acid digestion
spectrometry
Table 5 Test method of each ingredient by this consideration
. The outline of methods
Ingredient — -
Sample liquid preparative procedure Measurement method
Cd.Pb.NiCr. As S o Inductively coupled plasma -
Nitric acid - hydrogen peroxide digestion mass spectrometry
- (Microwave use) Cold vapor-atomic absorption
5 spectrometry

3) BREROERMY

22N> TR L 7= IR A HE N A ICP-MS F7213 CV-AAS THIE LR ERRETER LT-. SO MEiRo
i, G, WERBOAEA Table 6 (7. R, IRIVA, §y, =v/L, /0L K OYOEIL 0.1 ng/mL
~100 ng/mL, 7K$RIE 0.4 ng/mL~ 10 ng/mL O#iFH TEHRME R EFREL r>=0.999 DL E) Z/RL7-.

Table 6 Numerical values in standard curve

. y=ax+b
Ingredient >
a (Slope) b (Intercept) r~ (Decision coefficient)
Cd 0.9972 -0.09279 1.0000
Pb 0.1218 -1.00897 0.9999
Ni 0.9561 -0.02275 0.9999
Cr 0.2363 -0.26694 1.0000
As 0.9431 0.30534 0.9999
Hg 3.1615 -0.05200 0.9998

4) FHEBRMEOHKET

K EA B RS DIRWEIRIGIENEE (LG IENEN 2 20.0 g fRIRL, FEASBHFLL THMIEIZE
DR B 12 FEZUINL, EREILREZ RO T-EZAH, OFMRIEILRL /D LRS-
IRL CODOHBITH BN T DL, WESNSLTWIERNHESN TN, 2o, DR A+5T
BAFUIZAHEIIC OB DR AL, EEREF X UZEE 2, sEHRREZ 10.0 g IZHOL, ALK
W RO REREFT T2, 5 5R% Table 7 1ZR7. OFEOENLEEN 40 %LL Eif) EL7=ZE00, sUBHERED
BAIAR THLEE 2DV AREHIME G- LI EBIOK 0 & A &I3HK 95 % (B &) THY, 3k 20.0
g 2L G T2 LFER PR TR 1.0 g, 308 10.0 g I 5T 2L ERHE TR 0.5 g Ik 5. L7-2 81275, &
DZEND, [EFEMHLRE T 0.5 g EORBHML 5 &ERIEICIBIT 550 FIREE X B,
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Table 7 Influence of weighting amount

. Spiked amount Recovery at the time  Recovery at the time
Moisture . b) L c) C 1 <)
Sample Ingredient (dry weight) of weighting 20.0 g~ of weighting 10.0 g
(%)" (mg/kg) (%) (%)
Industrial sludge As  95.05 25 59.4 100.4

fertilizer

a) Mass fraction
b) The spiked amount (actual weight) is 1.24 mg/kg.
¢) Mean value (n=3)

5) FRABEMAIEICLDEEDE

TRTG VRN G EM B I X ARFE S TR 2D, H L CRBL 7K & A & 98.5 % (E & R) D
BT REARG SR -V C 2 SO T CEABSEORERE FML -2 Table 8 ITRL7z. X FHMEICKT2E]
INFRIL92.5 %~133.3 % THY, AN+ SN BB BEORIENFTRE THHZ LN RSNz, 7235,
AOAC"NZHIT DI FEL ~ UK T B ENEROFFAFPH LR L 0.01 mg/kg~1 mgkg T 70 %~125 % THY,
BELLUTHE LI AR LEBROT-WDTNOESBSLZNOOFFRFEN TH-7-.

Table 8 Test result of heavy metals in the sample

. Percentage Relative
. Difference to g Standard
) Design value Measured value . of the Recovery .. standard
Ingredient the design value . deviation .
difference deviation

A" (mgkg) B’ (mgkg) € (mgkg) DY %)  E' (%) F(mgke) G (%)

Cd 0.0272 0.0296 0.0024 8.8 108.8 0.0002 0.7
Pb 0.531 0.569 0.038 7.2 107.2 0.015 2.6
Ni 1.1 1.2 0.1 9.1 109.1 0.03 2.5
Cr 1.2 1.6 0.4 33 133.3 0.1 6.3
As 0.321 0.297 -0.024 -7.5 92.5 0.003 1.0
Hg 0.00722 0.00774 0.00052 7.2 107.2 0.0005 6.5

a) Test result of heavy metals in the sample (design value)

b) n=2

¢) C=B—A

d) D= (C/A)*100
e) E=(B/A)x100
f) G= (F,/B)x100



ICP-MS & ONCV-AASIZ X ATARIBIE AL O B4 B2 ORI E 33

Table 9 Results of spike and recovery test

Industrial sludge Industrial sludge ~ Composted Composted Comp osted Composted Composted Composted

fertilizerl fertilizer2 sludge fertilizer1 sludge fertilizer2 sludge fertilizer3 sludge fertilizer4 sludge fertilizer5 sludge fertilizer6
Moisture (%) (A) 96.74 95.05 97.12 96.06 99.31 99.55 99.29 99.93
Conversion factor (dry
30.64 20.22 34.69 25.37 144.3 222.1 140.5 1408.7

matter)a) (B)

Spiked amount  Spiked amount ~Spiked amount  Spiked amount ~ Spiked amount ~Spiked amount ~Spiked amount ~ Spiked amount ~Spiked amount

(dry matter (actual matter ~ (actual matter  (actual matter  (actual matter  (actual matter ~ (actual matter  (actual matter  (actual matter
Ingre dient conversion) convers ion)b) conversion)” conversion)b) conversion)b) conversion)” conversion)b) conversion)b) conversion)b)
(©) D)
(mg/kg) Mean” Mean” Mean” Mean” Mean” Mean” Mean” Mean"”
RSDd) RSDd) RSDd) RSDd) R$d) RSDd) RSDd) RSDd)
2.5 0.0816 0.124 0.0721 0.0985 0.0173 0.0113 0.0178 0.00177
95.0 107.0 91.0 101.2 97.5 96.6 98.9 96.3
4.9 5.5 4.7 4.1 0.7 3.1 3.0 4.4
5 0.163 0.247 0.144 0.197 0.0346 0.0225 0.0356 0.00355
Cd 108.5 104.7 98.6 91.4 108.8 103.9 112.0 108.5
3.2 5.0 6.2 5.2 8.5 5.4 3.7 4.2
20 0.653 0.989 0.577 0.788 0.139 0.0900 0.142 0.0142
91.8 97.7 94.2 89.4 101.4 94.5 91.2 103.9
3.2 0.9 1.0 6.0 2.0 2.6 6.4 3.1
50 1.63 2.47 1.44 1.97 0.346 0.225 0.356 0.0355
100.7 111.1 85.0 98.5 103.3 105.4 104.7 106.1
3.4 1.5 2.7 4.2 1.0 1.5 2.6 2.0
100 3.26 4.95 2.88 3.94 0.693 0.450 0.712 0.0710
Pb 110.6 107.2 113.9 95.8 95.9 93.2 101.7 109.8
1.6 3.9 3.1 5.8 5.7 2.7 2.4 2.7
400 13.1 19.8 11.5 15.8 2.77 1.80 2.85 0.284
91.2 103.1 95.5 99.7 107.5 106.9 92.8 108.1
0.9 0.7 2.1 4.4 2.3 3.4 5.6 1.0
150 4.90 7.42 4.32 5.91 1.04 0.675 1.07 0.106
92.9 95.4 100.8 96.8 95.3 94.3 94.4 98.6
1.8 4.6 2.3 4.2 1.1 0.8 1.5 0.5
300 9.79 14.8 8.65 11.8 2.08 1.35 2.14 0.213
Ni 114.7 96.1 106.6 99.2 107.6 110.2 107.9 103.7
0.6 0.8 2.1 4.2 1.8 2.6 1.0 4.9
1200 39.2 59.3 34.6 47.3 8.31 5.40 8.54 0.852
93.0 95.9 94.2 89.6 91.5 108.3 98.6 96.1
0.8 2.3 0.6 5.1 0.7 1.3 3.7 0.9
250 8.16 12.4 7.21 9.85 1.73 1.13 1.78 0.177
94.3 97.2 101.1 98.3 98.7 98.7 97.9 106.8
1.7 4.6 1.7 3.4 0.9 0.9 1.0 0.7
500 16.3 24.7 14.4 19.7 3.46 2.25 3.56 0.355
Cr 108.8 97.9 106.1 99.8 115.4 109.6 108.3 105.8
1.2 0.5 2.4 2.1 6.1 2.5 1.0 3.8
2000 65.3 98.9 57.7 78.8 13.9 9.00 14.2 1.42
92.4 96.1 94.5 96.7 93.5 112.2 98.8 98.8
0.6 2.7 0.5 1.8 1.0 1.1 3.2 0.8
25 0.816 1.24 0.721 0.985 0.173 0.113 0.178 0.0177
90.6 100.4 97.8 96.9 96.3 93.4 96.1 95.0
1.4 8.4 2.3 1.6 0.4 1.3 1.6 2.1
50 1.63 2.47 1.44 1.97 0.346 0.225 0.356 0.0355
As 105.9 95.9 96.6 91.0 110.7 105.1 108.5 95.0
2.3 0.1 53 3.9 4.7 4.3 0.9 7.8
200 6.53 9.89 5.77 7.88 1.39 0.900 1.42 0.142
85.0 86.3 94.5 96.2 93.1 90.7 98.8 98.5
1.7 2.4 0.6 1.1 1.0 0.7 2.6 0.5
1 0.0326 0.0495 0.0288 0.0394 0.00693 0.00450 0.00712 0.000710
99.0 103.0 102.9 108.0 100.4 103.9 110.2 105.8
1.2 0.7 0.3 0.1 0.3 0.2 1.0 1.5
2 0.0653 0.0989 0.0577 0.0788 0.0139 0.00900 0.0142 0.00142
Hg 114.5 101.7 105.2 107.5 114.6 113.4 113.6 102.2
0.7 1.0 0.4 0.1 1.2 0.8 2.2 2.5
8 0.261 0.396 0.231 0.315 0.0554 0.0360 0.0570 0.00568
106.6 100.0 108.5 109.1 104.3 105.0 102.6 95.2
1.4 0.8 0.1 3.9 0.8 1.1 0.4 2.4

a
b
c
d

B=100/(100-A)
D=C/B

Average recovery (n=3)
Relative standard deviation
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6) FINEURRERIZLSEEDETH

ARG IR AR (G VEREEE 2 ) K OVBIEsIEARE (6 %)) 1T, £ EBSELL TRz
DEFFRAE, TP 1/2 15 R OFFRED 4 (584 BAIRINL, RIEIHEST3 mOMTOI a7V, Sbihiz
DAL R, DT HE(R 5% Table 9 (RUT-. 8 FEEEDHARIBIRIEEHT 31T 54 B 4@ S o0 -2 ]
IERIT 85.0 %~115.4 %, ZNODOHHATHH X IR MER 2 (RSD) 1% 0.1 %~8.5 % THY, W ALDEIERE Lk}

SRR IUR LD ELEE (EUE) 0 B LU Tz,

7) BHTHRE R U REE E O

AEO O THE E B O P RS BE & a8 9~ 2720, 2 FREEORIRIGIEIEEZ FAWT, 2 T CHEZEX TS
[E M 2A T T2 R B, — o E T 24T > RSN O TR EE K OV RS S % Table 10 (2780
T2 WO S U R 25 AR BHE BR VA  ORES VT DO TS B (FR TR e HE(R 72) K O RS B2 (o
FIFE ST HE(R 72) D B RLAN TH 72205y, RIEIT 07 EE AL QDI LRS-,

Table 10  Statistical analysis result of repeatability test
Repeatability precision Intermediate precision
Sample Ingredient  Mean” s R®D.”  CRD.’ sm”  RSDim”  CRSDim”
(mg/kg)  (mglkg) (%) (%) (mg/kg) (%0) (%0)

Cd 0.139 0.007 5.1 11 0.010 7.0 18
Pb 2.80 0.09 3.1 8 0.27 9.7 13

Composted sludge .

fertilizer 1 Ni 8.60 0.44 5.1 8 0.61 7.0 13

Cr 14.3 0.58 4.0 6 0.68 4.7 9
As 1.43 0.07 4.6 8 0.07 4.8 13
Hg 0.058 0.001 1.5 11 0.001 2.5 18
Cd 0.036 0.001 3.2 11 0.002 5.6 18
Pb 0.74 0.01 1.9 11 0.02 2.7 18

Composted sludge Ni 2.04 0.13 6.1 8 0.13 6.4 13

fertilizer 2 Cr 3.47 0.20 5.8 8 0.20 5.8 13

As 0.34 0.02 5.0 11 0.02 5.0 18
Hg 0.0142 0.0002 1.7 11 0.0003 2.2 18

a) Total average (test-days (5) xparallel analysis(2))

b) Repeatability standard deviation

¢) Repeatability relative standard deviation

d) Criteria of Repeatability precision(Repeatability relative standard deviation)

e) Intermediate standard deviation

f) Intermediate relative standard deviation

g) Criteria of Intermediate precision(Intermediate relative standard deviation)

8) EETRFEDHER
K EGH B RS LWBRIGIEILE GGIRRRELEL (1 7)) , K EH 5 99.93 % (HE5HR)) 2, K

EIZHE>T 7 M TRERZ i LU E & TR &K O FIROMERE AT o7, & FIRIX BRHERZS) <10, Fz,
B T ERIE EEHER 22) x2xt (n-1, 0.05) ELTORSNDMO DT, RIEOE & FIRITARIVA 02 pgkg, #h 4
ug’kg, =7 /L 6 uglkg, 70 1 ngkg, O 3 pg/kg, KR 0.2 pgkg EZNENHEE STz (Table 11).
HER, HIRESSOEE FRITEATFAEED 1000 pg/kg UL EOBFATIZZD 1/5 LU F THHIENE
RENDY . BRIEEHIB WU E HT- D OFRERH ESIL TN, WEOK G EAEIZE->T
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MEESNAHER FRIZERRDLN, KoEAE 99.93 % (E&E5H) CTRELSNDLBIMHT-VOE & FIRITY
RIT A 0.7 ngkg, #5414 ngkg, =v/7 /v 43 pg/kg, 7vh 71 nglkg, 05 7 pglkg, /KR 0.3 pgkg THHIEN
5, ZORBIETIRRGIRIER T OB R FOEA B2 S2DIZ+ 0 EEFHAZ AL TWDHI LN
Stz

Table 11 Calculated LOQ and LOD values (ng/kg)

Sample Ingredient Mean * Sr LOQ" LoD

cd 1.4 0.02 0.2 0.1

Pb 18 0.4 4 1

Composted sludge Ni 18 0.6 6 2

fertilizer Cr 11 0.1 1 0.4

As 31 0.3 3 1

Hg 0.5 0.02 0.2 0.06

a) Mean value (N=7)
b) Standard deviationx10
¢) Standard deviationx2xt(n-1,0.05)

4. FEO

~ A7 Gy R T2 ICP-MS J O CV-AAS (IZ EDIIRIG TR O B 8 S5 O T E LS DU T2 e
BOT-DDORERE LG LT- 25, ROFEREST-.

(1) 8 FEEEOWCIRIGIRIEEID Ky E A BIZ OV TIEE I HHEIZ KO RDI-EZA, Ky EH EITR KT
99.93 % (E=533H), /T 95.05 % (E &) Tholo. £z, KOFHILAHE DM G AR LT=EZAN
EVEEH BKYE 5 % CHEMICH B AITRO b7

(2) ~AVEPIC L DmE, WERL KR R i, EeR % OKERAER X ICP-MS, KEIT CV-AAS
ZROTHIEZ T 7. SUEHRIEZ RS L2 LA BRI E L L TIE 20.0 g THY, BRPIRE T 0.5 g f2
FEDREMIL 5 BAARIEICBIT D0 LIREE 2 BT,

(3) HOTHBLIADER R 98.5 % (EEYFR) OB AREZ A WT 2 T cEARZEOR
B FEhE L7 5, BREHIEIC R 2IEIRIT 92.5 %~133.3 % THY, AW+ 0 RSV 4B S5 OH)
TENARE THH I LD HERI NI,

(4) MEBMBMEERLIZEZA, BRIV L, $h, =y 7L, 7% T 0.1 ngmL~100 ng/mL, /KERIX 0.4
ng/mL~10 ng/mL D% CHERM: REREL r’=0.999 LI E) 2R L7,

(5) WIRVGVRAE (T35 RAREL (2 FE) K& OVBIRFEBREARE! (6 FiE) ) 12, AIEITHE> CHMBIIGBR -
LC3REIZINT 3 mIMTaONraiTo7o /R, & ESREDFLENTERIL 85.0 %~115.4 % THY, Eib
OO TR EE (R 2 (RSD) 1 0.1 %~8.5 % Th-olz. £z, WIFHNOENRES JEHERBR BRI TWD
B (B O BEELIN Th-7-.

(6) ARIEOUHTHEE K OIS E A MR LI A, IERMERBRIEI ORI TODOMTREEE (DFTHH R
YR 72) K OV RS BE (PP AR SR YR 22) O B Z AN T o7z,

(7) RIECBTHERETRITIRIVL 02 peke, 0 4 pgkg, =v7 /v 6 pgkg, 775 1 pgkg, % 3
ugkg, KER 0.2 nglkg L NZENHEES .
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Determination of Heavy M etalsin Fluid Sludge Fertilizersby ICP-M S and CV-AAS

Toshiharu YAGI!

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

An analytical method for determination of cadmium, lead, nickel, chromium, arsenic and mercury in fluid
sludge fertilizers by Inductively Coupled Plasma - Mass Spectrometer (ICP-MS) and Cold Vapor- Atomic
Absorption Spectrometer (CV-AAS) with microwave digestion was developed. The fluid sludge fertilizer that
contains heavy metals was digested by microwave, after nitric acid and hydrogen peroxide was added to sample.
Heavy metals except mercury were measured by ICP-MS, using rhodium and rhenium as an inner standard
element. Mercury was measured by CV-AAS. As a result of 3 replicate analysis of 8 fertilizer samples (6 kinds of
fluid composted sludge fertilizer and 2 kinds of fluid industrial sludge fertilizer) spiked with heavy metals at the
permissible values, the 1/2 of the permissible values and the quadruple permissible values, the mean recoveries
and the relative standard deviations (RSD) were 85.0 %~115.4 % and 0.1 %~8.5 %, respectively. As a result of 5
tests on different days using two samples, repeatability relative standard deviation (RSD;) were 1.5 % ~6.1 % and
intermediate relative standard deviation (RSDym) were 2.2 % ~9.7 %, respectively. As a result, they were within
the criteria of repeatability and intermediate precision of Testing Methods for Fertilizers. On the basis of 7
replicate measurements of naturally contained samples, the LOQ values were 0.2 ug/kg for cadmium, 4 pg/kg for
lead, 6 pg/kg for nickel, 1 pg/kg for chromium, 3 ug/kg for arsenic, 0.2 pg/kg for mercury in the fluid sludge
fertilizer at actual matter. Those results indicated that the developed method was valid for the determination of

heavy metals.

Key words  fluid sludge fertilizer, microwave digestion, simultaneous analysis, inductively coupled plasma -

mass spectrometer (ICP-MS), cold vapor- atomic absorption spectrometer (CV-AAS)

(Research Report of Fertilizer, 8, 26~37, 2015)



