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Table1 Analytical conditions for total nitrogen and total carbon analyzer

Combustion gas Highly pure oxygen, purity no less than 99.99 v/iv%
Carrier gas Highly pure helium, purity no less than 99.99 v/v%
Combustion temperature Reaction furnace temperature: 870 °C
Separation type Separation column
Detector Thermal conductivity detector

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

with the solution

«—Cover the sample with 0.2 g of sea sand and add afew 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 completely

| Heating | 100 °C for 90 minutes

| Drying | 105 °C for 30 minutes

I
Measurement by total nitrogen
and total carbon analyzer

Scheme 1 Flow sheet for organic carbon in sludge fertilizer and compost by combustion method
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Table 2 Homogeneity test results

No. of Meenz) Sr4) RSDrS) Sbb6) Sb+r7) RSDb+r8) 9)10)
Sample 1) 3 3 3 3) F vaue
sample”™  (95) (%) (%) (%) (%) (%)
Calcined sludge fertilizer 10 (0) 8.82 0.46 5.2 0.00 0.46 5.2 0.20
Industria sludge fertilizer 10(0) 15.10 0.52 3.4 0.00 0.52 3.4 0.65
Compost 9(1) 2146 0.92 4.3 0.00 0.92 4.3 0.58
Human waste sludge fertilizer 10 (0) 36.01 0.39 11 0.12 0.41 11 1.20
Composted sludge fertilizer 10(0) 38.19 0.44 12 0.00 0.44 12 0.67

1) The number of samples used for analysis; (): The number of outliers

2) Grand mean value (n=The number of samples used for analysis < The number of repetition (2))
3) Mass fraction

4) Standard deviation of repeatability

5) Reative standard deviation of repeatability

6) Standard deviation of sample-to-sample

7) Standard devitation of sample-to-sample including repeatability Spar = VSpp 2 + 5.2

8) Relative standard deviation of sample-to-sample including repeatability

9) F value caculated based on analysis of variance (ANOVA)

10) F critical value: F (9,10:0.05)=3.02, F (8,9:0.05)=3.23
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Table 3 Individua result of organic carbon in sludge fetilizer and compost (mass %)
Lab Cadlcined sludge Industria sludge Human waste ~ Composted sludge
D fertilizer fertilizer Compost sludge fertilizer fertilizer
A 9.18 9.26 1490 1511 21.05 10.87 3584 3594 38.81 3891
B 996 953 15.72  16.00 2209  20.63 34579 35043 37.74 37.68
C 9.07 8.88 1463 14.89 2095 21.45 3426 3431 3772 37.22
D 9.63 9.69 1481 14.65 20.19 20.63 3492  34.96 38.13 37.69
E 9.25 9.19 1512 15.28 20.66 20.29 3519 3519 39.26 39.06
F 8.96 8.99 14.78% 14302 18.39 10.27 33.87 34.09 3742  36.93
G 10.07 9.84 1496 14.73 20.88 18.93 3486 34.94 3791 3854
H 9.63 9.81 1533 15.79 21.67 20.45 3497 35.01 38.33 38.18
I 9.37 9.80 1490 15.28 21.02 20.64 3553 3655 38.82 39.25

1) Laboratory identification
2) Invalid datas that were removed due to failure of the operation
3) Outlier of Cochran

Table4 Statistica analysis of collaborative study results

Sample No- I?)bs Mear;j) Sr4)3) RSO’ SRG; RSDr” HorRat”
p (q) (%) (%) (%) (%) (%)

Calcined sludge fertilizer 9 (0) 9.45 0.17 1.8 0.38 4.0 1.40

Industrid sludge fertilizer 8 (1) 15.13 0.20 1.3 0.42 2.8 1.09

Compost 9 (0) 20.50 0.76 3.7 0.94 4.6 2.08

Human waste sludge fertilizer 8 (1) 34.96 0.07 0.2 0.62 1.8 1.05

Composted sludge fertilizer 9 (0) 38.20 0.27 0.7 0.73 19 1.18

1) Number of laboratories, where p=number of laboratories retained after outlier removed
and (q)=number of outliers.

2) Grand mean value
(n=The number of participating testing laboratories (p) X The number of repetition (2))

3) Mass fraction

4) Standard deviation of repeatability

5) Reative standard deviation of repeatability

6) Standard deviation of reproducibility

7) Relative standard deviation of reproducibility

8) Horwitz ratio of reproducibility
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Determination of Organic Carbon in Sludge Fertilizer and Compost by Hydrochloric
Acid-Treated Combustion Method: A Collaborative Study

Aiko YANO' and Yuji SHIRAI?

! Food and Agricultural Materials Inspection Center, Fertilizer and Feed Inspection Department
(Now) Fukuoka Regional Center
2 Food and Agricultural Materials Inspection Center, Fertilizer and Feed I nspection Department

A Collaborative study was conducted to evaluate hydrochloric acid-treated combustion method for
determination of organic carbon in sludge fertilizer and compost. Anaytical sample was treated with dilute
hydrochloric acid and dried up before measurement of organic carbon by total nitrogen and total carbon analyzer.
Five types of test materials (Human waste sludge fertilizer, Industrial sludge fertilizer, Calcined sludge fertilizer,
Composted sludge fertilizer, and Compost) were sent to 9 laboratories in a blind duplicate design. After removal
of outlier caused by a failure to follow the method, Cochran and Grubbs tests were conducted and a pair was
indicated to be Cochran outlier in Human waste sludge fertilizer. Statistical analysis was conducted for data
retained after removal of the outliers. Mean values were in the range of 9.45 % to 38.20 % (mass fraction), and the
repeatability relative standard deviation (RSD,) and the reproducibility relative standard deviation (RSDg) ranged
from 0.2 % to 3.7 %, 1.8 % to 4.6 %, respectively. These results indicated that this method was validated for
determination of organic carbon in sludge fertilizer and compost.
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