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0.8000mol/L H 4% iR #l AW - FRICHE T 5 it B 4%
FRER 39.2245g ¥ Fifim /K, A £ 1L, MR
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AHXTER2E, %t A Sl 02 I P A TG 5
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SR SPSS 29.0 #EATE R 19 48 1153 Hr, A AL
AN 2 B s R F B AL X L35 22 4347, K Bl
PLIEEY 10 A T IEFEAE R 43 XA B RHE, LAFER
b [R1 A AILA 7 it 14 22 52 A B A 5 ), [R)— 38
FEFRELAY 4 0 LREVE S — A ERA, SR AT
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5+5 1 60%., 35%. 25%. VA I 3B /D 5% R AN
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Table 1 Comparison of different addition amounts of oxidants (n=10).

B (gk U SR e
LA e A FUREIBRA L EAE TE Fr 4 e 1
BEE Fr i (mL) (min)
545 3.65~48.91 20 10 s
343 0.054 3.78 ~47.17 12 6 s
242 3.61 ~48.56 8 3.5 s
1+1 3.44 ~48.98 25 NE

TE: BRI & RS A R
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L B ASERUE W SR AR LE AN R 1, A 1 TR,
HCHERR 1+1, 368 242,

2.1.2 TUINEE

ARAMEAT M A 1 SRR A BT 4 0 7 i 280
F 3B (LY/T 1237—1999) 48 H, B i 12 it/
T8 FIRERE B AR BRI W e 1) 1/3 BB HIAE A
BLI A o5 Ak, T Z 0 D FRAE R I, 25 FLRE TR
FERIY 1/3 JE AW i A HLIR T 4 AL I S, 7T
PR B & B /NI E B 242 0SS I RE T E RS
8.40mL, 25 IR E & 1/3 4 2.80mL, # A B E 1%
TR R o VR 1 K 2.70mL ., TR R ER
AW, J5 S 2 B 0l AN RRE Y3 2 #E
i i /L, T A LA G
2.1.3 FREEE

- HERRAE XA ML A — e, 3
Bk 12t EARAE S 38 T B . A A B FR 5+5
R ZE 242, Al AL A PR B BE 2 /b, SRR T
B . R 2.2 AT, 2 R E A 1/3 1]
PR it i /NI 2 Bk, FR U TG S TR B AR £ 7wl )
A WU & w0 B s EH, IR RS . B
7% 2 AT UL, FRFE LR 0.0200, 0.0400, 0.0600g (1A AT
HURR & B B = {5 oA 176.58. 88.00, 58.678g/kg,
PR e 0.4000g [ 1T W A HL AR % & o (H N
8.80g/kg. AI UL, - HEFRFE I, AT A HLAR e =
EREZ /0 . e PLaE & /N 50g/kg, FRAE
£ 0.0400 ~ 0.4000g A i & A HLAK = L . AR S &Y
TR T SR . A MRS T R
1, o 1 AT MURR AL AS 72 4, I # 0.0400 ~
0.2000g FUFRAE 15 A HLIRAR 5 2 - HEAE A (IRPR A
G 7 AR 2, R R I 4 B o R P, P
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Table 3 Paired sample t-test of the two detection methods.

i, PREE R TR ORI SMUMIR A 2
LRE T IERE

2 AFFREERE I PGS B LR
Table2 Comparison of measurable organic carbon content

with different sample weighing amounts.

o LA AL i Al Bl
iEai P Frb i Pt
© Eri i H © Er i H
(g/kg) (g/kg)
0.0200 176.00 0.1000 35.20
0.0400 88.00 0.2000 17.60
0.0600 58.67 0.3000 11.73
0.0800 44.00 0.4000 8.80

e DA AT LA A i R (A e as FRE A2 i 8.40mL . fe /N
Eh 2.8mL FEATIHA,

2.2 PRI TEI R S5 SR ke

FH A 3 2 AR A T 2 i E 57 A4 44
b AT LA 3 34 (B30 R 16.56g/kg . 16.83g/ke,
WARR 7 ik 5 45 ks T—2 (3£ 3). RH] SPSS 29.0
RARPBAR A TR REAS ¢ K56 10 25 oA, 1 3)
T A A ST RN T30 12 T 45 SR R R A e 2
(r=0.997, p<<0.001), AH[F] 1 R & I 5 25 S8 A i
FEER (p>0.05).
2.3 BahE @7 ARG B A 0

H 2 4 W] UL, F Sl {0 il A HLAR 45 R i
FAXS AR MERZE (RSD) 7E 2.10% ~ 12.96%; N T3 &
) RSD 7E 3.31% ~ 13.20%; 15, 52 5 3L 5 1)
A BB & 5/ T 10g/kg, H 3 E A0 Il 45 5% 1Y
RSD 4391 °H 4.70%., 12.96%, N T 5 12 Fir ) 45 5
i) RSD 43 %11 K 12.29% . 13.20%. ‘5 A\ T3 & ¥ AH
LU, I Bl R A 2 A TR HE A, T A A, A iR
22/ KRR

SR FH S BR - 3ERE ok LA B Shii e {SOR N T
FE R PMERAYE . SR A Sl A i [ i3
TE 93.37% ~ 98.06%, K N T 52 2% R IAR [RHSCR
TE 91.88 ~ 97.63%(F 5). HIRPIFN ik EMME R
I, A8 A Bl Ak T AR E R 2, MERR I
FANTIHED:

. AR S I A FEAKE ~ IR REA A G &
MEHT Ry T
RET7 i (eke) N b2z U p) ! 8l p)
F sl A {3k 16.56 57 14.59 0.997 1780 0.081
N 16.83 57 14.48 s ) )
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Table 4 Precision of the two methods.
S LB FHHLR S = 6 IEE (g/kg) B T RSD
‘ H 1 2 3 4 5 6 (e/ke) (%)
12 13.01 12.62 12.85 12.94 12.88 12.29 12.76+0.27 2.10
. - 15 8.48 8.75 8.36 8.08 9.18 8.96 8.63+£0.41 4.70
2 ;
RS 24 46.61 47.75 49.85 46.63 49.04 50.27 48.36+1.60 3.30
52 4.96 3.66 3.58 3.86 4.25 4.50 4.134+0.54 12.96
12 13.19 14.10 11.17 13.18 13.70 12.40 12.96+1.13 8.72
15 8.50 8.58 6.79 8.81 9.67 8.79 8.52+1.05 12.29
TS
ATE 24 48.41 52.27 48.21 50.72 50.78 48.67 49.84+1.65 3.31
52 3.87 3.54 3.29 4.46 4.40 3.94 3.92+0.52 13.20
25 PRI TRR bR Rl
Table 5 Recovery of standard addition for the two methods.
. . . . Rl e _
oy | EHOER | OBRER | ke | mpsee | TRWER e IR EINCE (%) e
W5 7 g o ]
%5 @ (mg) (mg) 1 2 3 1 ) 3 T (%)
12 0.2053 2.62 2 4.49 4.45 4.55 93.67 91.38 96.54 03.3741.85
0.2053 2.62 4 6.38 6.33 6.3 94.05 92.68 91.93 : ’
0.2640 2.28 2 4.12 4.15 4.14 92.00 93.50 93.00
- 15 94.29+1.78
H3zl 0.2640 2.28 4 6.15 6.11 6.07 96.75 95.75 94.75
TWMEN .044 2.1 2 4. 4.11 4.1 . . .
TWMEE 2 0.0448 7 03 6 93.00 96.80 99.55 04924272
0.0448 2.17 4 5.94 5.89 5.88 94.34 93.00 92.85
0.3559 1.47 2 3.53 34 3.37 102.78 96.29 94.79
52 98.06+2.72
0.3559 1.47 4 5.37 5.42 5.4 97.45 98.83 98.20
12 0.2022 2.62 2 4.48 4.39 4.5 92.97 88.74 93.75 92564205
0.2022 2.62 4 6.36 6.3 6.4 93.55 91.93 94.43 : ’
. 0.2679 2.28 2 4.06 3.98 4.1 89.00 85.00 91.00
AT 15 91.88+4.46
N 0.2679 2.28 4 6.17 6.08 6.04 97.25 95.00 94.00
0.0435 2.17 2 3.99 4.11 4.18 90.81 96.80 100.55
24 93.72+4.32
0.0435 2.17 4 5.93 5.74 5.8 94.09 89.23 90.85
0.3742 1.47 2 3.51 3.38 3.35 101.78 95.29 93.79
52 97.63+2.81
0.3742 1.47 4 5.39 5.43 5.39 97.95 99.03 97.95
K H AR YT GBW07493, GBWO07415, 2.4 PR AR AN FFE A R ek

GBWO07412b 51k [ 3l 1 150 22 J5 32 10 1 5
X BEFR EY) B B ALK & B K S R AR TA], A R
FETE 4.31% ~ 4.79%(F 6), J7 LR FEFF-A K 434

X NI R R M Bl 2 A PR 7 3 RG24
FRBARFIFE B HEAT HO AL, i 7 al L, PN T E
TESE 300 A3 A HLBR & i, AREEFIT A A

PR TR (P& 2min/FETT) FESILTE 35 B9 S NG R
o BABhIHET AN b A HUR S R
Table 6 Accuracy for the determination of organic carbon content by the automatic titrator.
P =R "“’9&: =}
s | BRI ARLRERIESR (o) TSR | ARt
Vs JUL 2
(g/kg) 1 2 3 4 (gkg) (%)
GBW07493 9.05+0.99 8.48 8.75 8.36 8.96 8.64+0.27 4.53
GBWO07415 19.32+0.58 19.16 18.39 18.03 18.00 18.40+0.54 4.79
GBW07412b 27.15+1.10 28.84 28.72 27.93 27.77 28.32+0.47 4.31
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Table 7 Comparison of detection efficiency and reagent consumption with the two methods.

TS N TR e A sl 0%
FREEFNTE B 10h 10h(# 9h TAES TR
R It 10h 18h(9h FYi E SRR RN 2 W) 25061 T)
A ML ¥ T s 4h 4h(4h M5 TR TAE 5% € R HE1T)
N THRAE S 24h 14
I 24h 19
UNZRK (T LR E|Suase, (s
UNZRK G x N
KRR +B R i SmL+5mL 2mL+2mL
0.2mol/L iR I 75 i FH 1t 2400 ~ 7500mL 800 ~ 2400mL
LRI b 30mL 0

24h, Kl A R TR L N A HRAE, AN D TSR
Ko A S e SGERI, 5256 A 51 5EH Th FRa Al
TH & /D4y - e S AL 1 Sl s (ORI, =2 5 4k
PR AT AR, | THURARIIL, B4 ) 3hi (U kgkis
7o E Shi i 8 S e 3. 5Smin/kETH, ABLT.
YEBLA, 300 AN 5 (A IR FH 2428 19h, #8 AT
T E I She AR, 78 A S & A TARE], 78
R 2o A, N B3 7 FR B R AL T VAR LFERT 14h,
A ShRE IR, N0 TAESREEA k&L, A3hiHE
A0 T FH ) EE B TR B RT B R TR WU AK A5 F R
TB RN 40% S LR o A Shii A0 Ak R
e, R D, TSR AR, B N T e vk T
Tt R A LR R

3 &g

BEX 1 i s {SOR IR AR R, Ak T 4
BERE S A SE AT A= AN B S (U BN 24K,
W 3 9 /D R U A B, BRI ICRE T A BT E 1 1min
A5 %) 3.5min, [ i E ()RR AR AL 15 2 1B
FRTE, Bm TR, Aot s T
HLBRIN 2 B ) o SEIR AR PFOLAR G, FRAE v 16 o 4
£ 0.0400 ~ 0.4000g, AL AT A Alm e . o, IG5
S 118 R AN T SR, T L3RR R D,
AR LR A2 4 40%, REIZ53% . B4

ARSI HEST 1 B SOk R RS, T
RN G b e R ML B A AS 58 4 i B &2, +
BERRAE A T AMEAR I — 2P 58
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Method Optimization for the Determination of Soil Organic Carbon and Its
Components by Automatic Titrator

LI Zhaoying', ZHENG Lu"*", ZHENG Zhizhuo®, LI Hua'?, WANG Yanan'?*, MING Angang'?
(1. Experimental Center of Tropical Forestry, Chinese Academy of Forestry, Pingxiang 532600, China;
2. Guangxi Youyiguan Forest Ecosystem National observation and Research Station, Youyiguan Forest Ecosystem
Observation and Research Station of Guangxi, Pingxiang 532600, China;
3. School of Chemistry and Molecular Engineering, East China University of Science and Technology, Shanghai
201400, China)

HIGHLIGHTS

(1) The long titration time of a single sample was an important reason for the low detection efficiency of the
automatic titrator.

(2) The pre-added amount of the titrant of the automatic titrator was set reasonably to reduce the titration time of the
sample and increase the titration speed of the instrument.

(3) By optimizing the addition amount of the oxidant, the titration amount of the sample was reduced, the detection
efficiency of the automatic titrator was improved, and the reagent consumption was reduced to 40% of the

manual titration method.

ABSTRACT: The rapid and accurate detection of soil organic carbon and its components (such as particulate
organic carbon and mineral-associated organic carbon) is of great significance because they are the key indicators
reflecting soil quality. Compared with manual titration, the automatic titrator has a low work intensity and accurate
detection, but its detection efficiency is less than 30% of that of manual titration. To solve this problem, the
influence of the addition amount of four oxidants on the determination of organic carbon was explored, and the
effect of pre-adding titrant in advance on the improvement of detection efficiency was studied. Finally, the optimal
addition amount of oxidant was 2mL, and the amount of the pre-added titrant was one-third of the titration amount
of the blank sample. An automatic titrator method for the determination of soil organic carbon was established. This
method was verified by using soil samples with different levels of organic carbon and reference substances and was
compared with manual titration. The results showed that there was no significant difference between the automatic
titrator and the manual titration. The relative standard deviation (RSD, n=6) of the method was 2.10%—12.96%, the
recovery rate of standard addition was 93.37%—98.06%, and the relative error of the reference material was
4.31%—4.79%. The titration time of a single sample was shortened from 11min to 3.5min, and the overall detection
efficiency was higher than that of manual titration. The reagent consumption was only 40% of that of manual
titration. The automatic titrator significantly improved the detection ability of organic carbon.

KEY WORDS: automatic titrator; manual titration; soil organic carbon; the addition amount of oxidants; amount of
the pre-added titrant
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