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FIERIELL TCOELMDOMERELIT O TEOMELRE T 2.

2. MHERUVAE

1) SRR HORR

TGIRFEEENEEE 11 5%, UIRIBTRIEEE 3 43, BERIBIRAEEL 2 52, TEEIBTRANKL 5 48, FAIGIRAEK 1 45, &
AVETRREEE 1 SIS K OMHEAE 2 A (B 25 A0 ZINEEL 7=, 40°CT 60~70 HF i 65°CT 5~24 Befi]HzIEEL,
HBAZ 500 pm D55\ di 3 2 THfEL7cb Oa o Rl L TRER L.
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2) HEZORY

(1) 7K: JISK 0557 IZHET D A3 DK UXFRZED HEDOHD.
(2) JREEAIV T TIS K 8617 [ZHLE 2 Kkl #k

(3) BREET R A JIS K 8625 ([CHLE T KRR I

(4) JREEAVD L JIS K 8615 (THLE T~ DRk 3R

SEOSE

(5)
(6) i
(7)
(8)

g U

3) HBERUVEKE

(1) E2ERERFHE

fE/KFEFTRID A JIS K 8622 ITHLE T HHpfkatIE

b KILFES T3 20 mesh~30 mesh (600 um~850 pm)
L-7 AT BEYE N U (L% Rk (WEEE 99.0 % 2L 1)
2 B E e EI RS

. E o' Z— SUMIGRAPH NC-220F

(2) Ayb7L—F: AS ONE THI-1000
(3) EIRHLIEH: TABAI Perfect oven-original PS-112
(4) X #EPrEEE: V42 Ultima IV

4) BEEERICESERFEDAE

(1) BREHOIERK

DL-7 AT FBIEAE S A2 HIV, Table 1 DS TR IFEEARIE UK EHRAERLT.

Table 1 Analytical conditions for total nitrogen and total carbon analyzer

Combustion gas
Carrier das
Separation culumn
Detector
Mesurement cycle

Temperature conditions

Detector current value

Highly pure oxygen, purity no less than 99.9999 %, flow rate 200 mL/min
Highly pure helium, purity no less than 99.9999 %, flow rate 80 mL/min

A silica gel stainless column (1 m)

Thermal conductivity detector (TCD)

Purge time; 60 seconds, circulation combustion time; 300 seconds,
measurement time; 270 seconds

Reaction furnace temperature; 870 “C, Reduction furnace temperature; 600 'C
Column oven temperature; 70 °C, Detector temperature; 100 C

160 mA

(2) HE

SHTEE 0.05 g % 0.1 mg OHFETHITR—MIIZADED, Table 1 DT E LB 2 AV ToHHrHR
B o2tk &4 HE L (Fig. 1).

| 0.05 g analytical sample | Weigh to the order of 0.1 mg into a combustion vessel
]

Mesurement by total nitrogen and
total carbon analyzer

Fig.1 Flow sheet for total carbon (TC) in sludge fertilizer and compost by combustion method
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5) ERAEBEMBEEICEDARRREDATE
(1) BRERROIER
4) (1) RO EIEA S fE L7z

(2) #E

SIHTERER 0.05 ¢ & 0.1 mg OHTETHIER —MIUTVED, RS 0.2 g FEE TREIZB W, BUROKETH T
L CREMZESE 2. #FE (3 mol/L) 0.7 mL FREA/D LI 2 FL7-%, FIZ/K 0.2 mL FREZH FLA R
— Nt T o TN 2 R VATR IS 52 IR S 2. 700, MR IRINEF I Ia T 25 A3V IS ERE L

72. 100 CORY T L —RT 90 S HNEGLE L, 105 ‘COE RN T 30 S NBGE R UE R 52

IZREL

7zt%, Table 1 DIRAITRRELTIEE 2 AW TOMTREh O AR R B2 RELZ (Fig. 2). BIER O~k

75 L D—Hl% Fig. 3 IR LT

0.05 g analytical sample

completely with the solution

| Heating | 100 °C for 90 minutes
|

| Drying | 105 °C for 30 minutes
|

Mesurement by total nitrogen
and total carbon analyzer

Fig.2 Flow sheet for organic carbon (OC) in sludge fertilizer and compost

Weigh to the order of 0.1 mg into a combustion vessel

<—Cover the sample with 0.2 g of sea sand and add a few drop of water
<Add 0.7 mL of hydrochloric acid (3 mol/L) drop by drop
<—Add 0.2 mL of water and shake the vessel calmly to mix the sample

by hydrochloric acid (HCI)-treated combustion method

00 300 60.0 900 1200 [mVv]

og
—
\.33{
e —

267

4.00

533

667 N |
AEH:2012.08.22 13:12  RT(min) EH(uV-S) BEE(%)
ATEFyano N 0519 200277 10506
HE£:5TD1 01 C. 2017 1857638 36008

[rmin], SEE13570 H 4203 0 0000

1) Total carbon in standard for calibration curves (DL-Aspartic acid)
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0.0 30.0 60.0 90.0 1200 [mV]

BER:201208.22 1514  RT(min) FEHW(uV-S) BE(%)
HEH yano N 0513 30670 4170
Heaasr0001 C: 2106 690,763 35793
[min] B 5080 H 4293 0 0000

2) Organic carbon in analytical sample (sludge fertilizer)

Fig.3  Chromatograms of carbon (Peaks are shown by arrows)

6) —UOLEEILERICEIIAHREEDATE
AR BRI O CINE S TV D = AFRER (L i (4.11.1.a) I X0 trak Bk o AR R E B2 HIE L2
(Fig. 4).

0.05 g analytical Weigh to the order of 0.1 mg into a sample digestion flask.
sample (Up to about 28 mg as organic carbon.)

<25 mL potassium dichromate-sulfuric acid solution

| Heating | Boil for about 1 hour, 200 C
|

| Standing to cool | Room temperature
«—Water (fill up to 100 mL)

| 20 mL aliquot | 100-mL Erlenmeyer flask
|

0.2 mol/LL ammonium iron (IT) sulfate solution
Adding drop by drop| (until the brown color of dichromate ion
almost disappears from the solution)

<About 0.25 mL N-phenylanthranilic acid solution

0.2 mol/L ammonium iron (II) sulfate solution

Titration
(until the solution becomes blue-green)

Fig. 4  Flow sheet for OC in sludge fertilizer and compost by dichromate oxidation

3. BRERUEE

1) HEROBMBEEREZ IO LBRRILEED LB

2.1) THABLIZ AT EEL 25 MOMEROBBEIRICLDHIEME — 7o AR LRI L AW E B OB %
Fig. 51Z7RL (y = 0.980 x + 2.58, = 0.990) , JABELEI E M D T HIME D 95 Yof 5 X AT A (215 ELHR 0D JE BRI ZH
7o BRBEIE\C R D MBI L, Z 7 v AR IEIC IO MBI L T 99.4 %~148.1 %L ERAYIZEVMEZRL,
ZOEIEIT—ETII otz Fo, Z/uABRBGIEIC LD AR FEREOWE @S, BUFE TR BE
B LD R RBEOTRIE R ORTE I3 5E A %KD Table 2 (ORL7z. TORER, AHRERONEHE
2515 %~45 % T, ABIKFREIITORBREDO TREDOEIGIE 103.7 %~1152 % THY, TRIED 95 %
EEXM O _ERETOEIEX 112.0 %~140.4 % TH-7-.
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BRI L DMEMBEZ W TRFRER L EZR L 56, Z/n BB EIC I ARFREZ A VTE
TRMEE—BT HIRFEREDEHINTZREHIIB W T, FERIER O SRR EE ISR ESh TV DA%
DFFEFH (RTRMEDOTTATAT A 30 N—tUNEBILIENDD. L3>, BRBERZ O TRIE TS
AN AT el At i TALER ™5 2L RaT L, o/ n AR bike i 52 L.

50 r
y=0.980x +2.58 VA e
40 "
30

20

10

TC value obtained by combustion method (%)

0 D/ , l 1 1 1
0 10 20 30 40 50
OC value obtained by dichromate oxidation (%)

Fig. 5 Comparison of combustion method with dichromate oxidation
Solid line: Regression line
Dashed lines: Upper and Lower limit of 95 % confidence interval

Dotted line: y = x

Table 2 Prediction of TC value of combustion method
from OC value obtained by dichromate oxidation

Calculated value Percentage of value obtained
Value obtained .. . )
) from regression line by dichromate oxidation
by dichromate
oxidation Calculated ~ Lower Upper Calculated ~ Lower Upper
. .3) .4 . .3) . .4
value limit limit value limit limit
(%)" (%) (%)" (%) (%) (%) (%)
15.0 17.3 13.5 21.1 115.2 90.0 140.4
30.0 32.0 28.3 35.6 106.6 94.4 118.8
45.0 46.7 42.9 50.4 103.7 95.4 112.0

1) Mass fraction

2) (Calculated value from regression line,/ Value obtained by dichromate oxidation) x100
3) Lower limit of 95 % confidence interval

4) Upper limit of 95 % confidence interval
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Fig. 6 X-ray diffraction pattern and the analysis result of the pattern fitting (CaCOs)

Instrument: Rigaku Ultima IV Radiation: CuKa

Operating voltage and current: 40 kV/40 mA Monochromator: Curved graphite
Divergence slit: 1° Anti-scatter slit: 1°

Scan mode: 6-268step scan Scan range: 3-90° (26)

Fixed counting time: 2.4 sec/step Step interval: 0.02° (20)

2) REE~NDOEBRLEHNR

SRTER B W R LB B IR DREHT Se e D, 7 a AR IEIC KD B MR 3 B & Ll U CIRIETE
(&2 RFERIEMENREL, WO R T (RIEE) 22 <& LB b2 o AREHZ W T, X #REEHT
EBEEZ RN CEOR S ZRAELI2E A, REEILVT T A (CaCO;s) 3R HEHL7z (Fig. 6) .

REEF V7 I (CaCOs) DI, BIRIEEHI & EALTWDEFTRNIT AR BT AOHFERIEL L TREE TR
7 2 (Nay,COs5) , RIEKFE T RD L (NaHCO;) M QYR EE T DD L (KoCOs) Z2 o S — MU0, BREBELE M OV
BRIV BE IR IC IV IR B BAMIE L2, ZOfEFIX Table 3 DLV THY, HEAULHEIZ L~ CIREEHEICH KT
HIERIR BT EAEBRETET.

Table 3 Carbon value obtained both by combustion method
and by HCl-treated combustion method

Analvtical Molecular Combustion HCl-treated combustion
alytiea method method
sample ) ) )
weight (%) (%)
CaCOs3 100.1 13.7 0.1
Na2COs 106.0 10.3 0.0
KoCO:s 138.2 6.7 0.0
NaHCOs 84.0 13.8 0.0

1) Mass fraction
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3) FREHPOREBIE~NDIERLEE

HE R AL PR Z XI5 YEREARL B R S B e D BB IR SR A BR B FTREDMlERE 35728, T Z/n AR {LIEICK
AR FERBARIE LG IE RN (AR R 35.8 % (B R)) M OS M REeE —fEs 2N tna
PR —NMIRA R, HEROEREEEICIVRFRZIE L. 7ok, (BIRREIREHT 7 n AR bikic
RO E MR R BEOREMEIRBEEIC LD RRFBROPEMNIZIT L, RBEELIZEALEH LRV LHE
RLTEbOZE L.

TGIRFBENE B O IR A B G (A) K OME R AR BRI LD EE (C) % Table 4 1R U7z, Sy HrakEl 1 o158
FEFEREAR SR D F 3R & (B=35.8 X (A/100) ) %3R D AR R DM HEIA (D=C/BX100) #H HL7=L
25, AREIRFE RO HEIG I3 100 % Th-o7z. IHIRFEBEIEEHIIR S U7 bR ST E R R i R O
PRIRFRIT, HIBALIREREIZL > ChRES L, AR FEEORE TR ZED RSN

Table 4 Effect of treatment with hydrochloric acid for the removal of inorganic carbon
in composted sludge fertilizer

1)

Preperation of analytical sample Determination
Ratio of composted Mesured Detection
sludge fertilizer” OC content value percentage of OC
A )" B"%)”  c)’ D” (%)

Composted sludge fertilizer +CaCOs 71 25.3 25.1 99.1
Composted sludge fertilizer +Na>CO3 69 24.6 24.3 98.5
Composted sludge fertilizer +KoCOs 72 25.7 26.2 101.8
Composted sludge fertilizer +NaHCO3 60 21.6 21.9 101.4

1) HCl-treated combustion method

2) OC content obtained by dichromate oxidation : 35.8 % (Mass fraction)
3) Mass fraction

4) B=35.8 x (A/100)

5) D=(C/B) x 100

4) BEAIBIABEEE V0 LBBRLELDLLE

2.1) CRRBLL 725381 FEEE 25 RIS DWW THRFRALBRRBEE K O/ n ARRRALIE I Z K0S L7 E B O FH
B8% Fig. 7 1Z7RL (y = 1.009 x + 0.004, = 0.999) , HEEALERPRBEER EMEO T HIED 95 %[5 X H 2 FF E
oD JE BH | *ﬁ*ﬁb\f: WAL BRIRBE IR I C R DM EM I, — 7 AR ALIEIC DR EMICK LT 97.0 %~
103.4 %EIXE—F L7z, Fio, Z/n B GIEIC LB RRFEREORIEMA D, BEFHFE I THRER LA
BEikl iéﬁf&ﬁﬁ%@%@“ﬁ&owﬁ X HEIEERYD Table 5 (ZRLTZ. ZORER, AHERFEEOH
TEEDY 15 %~45 % T, 7 LBERRLIEIZ K OBIEMEIZ R T DR E AL BRI BE 1L TRIEOEI S 13 100.9 % TH
D, THRIED 95 %EFIXHE O TIRIE L O EIRETORIEITENZE194.3 %~98.7 %X 11 103.0 %~107.5 %
ThHoT-.

ZaABRBLIEIC LA EHIRERE AV CERRMEE KT HRFBEREVE IR EHI BT,
FRALERIRBEE\ C LD AR B RBAE AWV CURBER AR HL T, HFIEROMERREEY IR ESNT
WHRREDFFRF (RREDOTTAYAT A 30 /=8N ZBZHZETRNEEZLND. :Z“L%OD%?E%"%GZ
K0, AHIRFERTEROTDIZ /o AR LB X TR BB R 952 3y fliEE B 2 5
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OC value obtained by dichromate oxidation (%)
Fig. 7 Comparison of HClI-treated combustion method
with dichromate oxidation
Solid line: Regression line
Dashed lines: Upper and Lower limit of 95 % confidence interval

Dotted line: y = x

Table 5 Prediction of OC value of HCl-treated combustion method from OC value
obtained by dichromate oxidation

Calculated value Percentage of value obtained
Value obtained _— . )
) from regression line by dichromate oxidation
by dichromate
oxidation Calculated ~ Lower Upper Calculated ~ Lower Upper
. .3) . .4 . .3) .. 4)
value limit limit value limit limit
(%)" (%)" (%)" (%)" (%) (%) (%)
15.0 15.1 14.1 16.1 100.9 94.3 107.5
30.0 30.3 29.3 31.2 100.9 97.7 104.1
45.0 45.4 44.4 46.4 100.9 98.7 103.0

1) Mass fraction

2) (Calculated value from regression line,/ Value obtained by dichromate oxidation) x100
3) Lower limit of 95 % confidence interval

4) Upper limit of 95 % confidence interval
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5) IEERAIBIRBEEICKDE R FERIE D GITHER

TGUESEBEAEEL 2 &, BERTGVRAEEL, UIRTGTENEEL, T3E/GTEAREr, TAGIEEL, K OHEAEA 1 SUiZ-ou
T, WERER BRI C LV IR FE EE 3 AOHMT CTREBRLIZAE A Table 6 (/RULT-. fEHERZIL 0.1 %~
0.5 % (EE/3R) THY, HxHEERZIL 0.2 %~2.0 % Tho7-. AHERERED LM 8.5 %~46.0 % (&
BOrE) OFPT, BFROMTRER SO,

Table 6 Replicate test on OC in sludge fertilizer and compost
by HCl-treated combustion method

.. Relative standard
Mean Valuel) Standard deviation

Type of fertiliver deviation

(%)” (%)” (%)
Calcined sludge fertilizer 8.5 0.1 0.8
Compost 21.8 0.2 1.0
Human waste sludge fertilizer 35.8 0.1 0.2
Composted sludge fertilizerA 23.1 0.5 2.0
Composted sludge fertilizerB 39.0 0.3 0.7
Industrial sludge fertilizer 39.4 0.1 0.3
Sewage sludge fertilizer 46.0 0.5 1.2

1) Mean of triplicates
2) Mass fraction

6) EETROMER

BERIBTERERHZ DN T, SRR BRI BEIE I I B R 3R &% 8 SR OMT CRBRL 7K 2% Table 7 IZRLT-.
Y E R E B3 0.156 % THY, ZOREMERZITE &5 0.005 % Th-ol-. E& FIRIL (R Z)
x10, F7=, BH FRIZ FEAERFZ) x2xt(n-1, 0.05) ELTORSNDY O T, RIEOEE FIRE O FIRIZE
B35 0.05 %RE M OVE B R 0.02 %fEELHEESN.

Table 7 Determination limit of HCl-treated combustion method
Prediction of

Prediction of

Type of fertilizer Mean value”’  Standard deviation ~dertermination s
. .2) detection limit
limit
(%)” (%)" %)" (%)”
Calcined sludge fertilizer 0.156 0.005 0.05 0.02

1) Mean of 8 replicates

2) (Standard deviation)x10

3) (Standard deviation)x2xt (n-1,0.05)
4) Mass fraction

4. FEO

MRV BETE B L O\ = 7 m AREFR (LRI LD 25 FE OB RIEEVE h O G IR FE &2 RE L. BEEE
B L7 82, mifE fE R 2 E R BIBI SR (= 0.999, y = 1.009 x + 0.004) 2358 BTz, 7 FEHDIGIRALE



18 REEHFFEERE Vol. 6 (2013)

S ZOWTHERRALBRIRBEEBR O 3 IR U2 RO 7SR, AHEIRE RO TEYIMEN 8.5 %~46.0 % (&
B0 7R) O CTHEER AL 0.1 %~0.5 % (E&7R), R ERZEIL 0.2 %~2.0 % Tholz. iz, &
TIRIZ 0.05 % (EEDR) BELHESNZ. ZNOORBEND, BIRIEE R OHERORFERZHEFEHTD
T T A AR FE EOE BRI, RO BRI S T 22 A T 52 L B S iz,

BREEFEN K EEY LT BNDMES T, BB OS5 B I BV THOERBE AR E O A KRS 5
ZENROOIVD. HER VIR IR BE R 13 T m AR LR L R L CEREE AT O S Bl A 72 4y
PriEb i 5 ChoZLITA, A RIOBFHI IV E S IHEIC LV ELN ORI EEITEWEE T—H T 22 L0
Dipkieole. WRABIRBE R IR AW IREIL, SInEEFEbomm OAERKF RO EEELLCHEH
EEZLND.
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Determination of Organic Carbon in Sludge Fertilizer and Compost by Hydrochloric
Acid-Treated Combustion Method

Aiko YANO', Satono AKIMOTO' and Yuji SHIRAT'
' Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department

We report hydrochloric acid (HCI)-treated combustion method for organic carbon (OC) in sludge fertilizer and
compost using total nitrogen and total carbon analyzer. Analytical sample was treated with small amount of dilute
hydrochloric acid in order to eliminate inorganic carbon as carbon dioxide before measurement by total nitrogen
and total carbon analyzer. The content of OC was measured in 25 analytical samples both by our method and by
dichromate oxidation (current testing method for OC). The data obtained from our method correlated highly with
the data from dichromate oxidation (r=0.999, y = 1.009 x + 0.004) . Relative standard deviations of triplicates in
7 different fertilizers were within 2.0 % (average quantitative values were in the range of 8.5 to 46.0%).
Determination limit predicted from 8 replicate measurements was 0.05%.These results indicate that HCI-treated
combustion method has an adequate level of accuracy for determining the content of OC in sludge fertilizer and
compost.

Dichromate oxidation requires high level of sulfuric acid and potassium dichromate which is harmful to the
environment. HCl-treated combustion method needs no such regents other than small amount of dilute
hydrochloric acid. HCl-treated combustion method can be useful as an alternative testing method for OC in sludge

fertilizer and compost.
Key words: organic carbon, sludge fertilizer, compost, combustion method

(Research Report of Fertilizer, 6, 9~19, 2013)



