RIS AR -
Inspection and Test

T &

China Pharmaceuticals

2026451 H 5 H 2535 55 1)
Vol. 35,No. 1, January 5,2026

hE 4SS R927.2;R917 XEFRERD: A XEHS 1006 — 4931(2026)01 - 0078 — 05

d0i:10.3969 / j.issn.1006 — 4931.2026.01.014

25N | BRERERIR AR IFBRLIIM
BRMARHYFEFNEREE

g F,0 FALPBeHE,ERECE &°

(1. zHA BT BRARARR, =8 B¥H  650106; RHERAE, =8 B¥H 650504; R ERKZ
BRFEAFER, 28 BYW 650106; 4. RARAFHRGARAE, =8 BH 650106)
BE:BHN 0 R R BA AR R R Sebb 25 50 6L KA (R AR 25 &) i hah b B A HBR (TOC) &2 09 9k / i g 3108 0%
FACIE B SMEM (NDIR) i iR KR4 E AT M A4 4 AR 85 et i F A M (R ZREH 80 g/ L)
FACH], VAARE =P 82 247 (KHP) Fe JE 4 A AR R, R0 TOC 24740 E TOC »f AR, A% 2020 F e (P B 25 32 (w9 3R))0862 )
B AKF TOC MEFRATH FFH R ER  KHP Ao dE 2 A AT RS 6 R Z R 5 A 0.20~20. 00 mg/ L A= 0. 25~50. 00 mg/ L.
FEE AL AR B AKX R BT (r>0.999 9) s LB A RIFE A 33, 11~34.30 pg/ L, £FFEA 100. 34~103. 93 g/ L; #5 5 B X 6
RSD #3 0.16% ~7.46% (n = 6) ; KHP . 3 4& 69 An # = M & 55 4 91.37% ~ 119. 78% #= 86. 08% ~ 121. 82% , RSD 4 %1 4 0. 02% ~
5.31% #2 0. 01% ~ 8. 78%(n =9) .4 £+ Fi 85 d2h LM H & P89 TOC A4 FH 0.35~17.29 mg/ L. &L ZH = BAFME, BB A=

BT, R T A A AL AR R B M R 2 e TOC 994 F .
SRR ;ST /At AR R ok BALAE G AL MR ik A ALEE ; 25 S R AR R s A R
Content Determination of Total Organic Carbon in Dissolved Substances of Pharmaceutical

Packaging Materials by UV / Persulfate Wet Oxidation Non — Dispersive Infrared Testing Method
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’UEZ’S AR

Abstract: Objective To establish a UV / persulfate wet oxidation non — dispersive infrared (NDIR) testing method for the content
determination of total organic carbon (TOC) in the dissolved substances of different materials and different varieties (same
materials) of pharmaceutical packaging materials. Methods A total of 85 batches of samples were collected from four types of
materials : metal, plastic, rubber, and composite. The sodium persulfate (with a mass concentration of 80 g / L) was selected as the
oxidant, the potassium hydrogen phthalate (KHP) and sucrose were used as standard substances, the response value of TOC was
determined by the TOC analyzer, and the methodology was investigated by referring to the TOC determination method in
pharmaceutical water in the 0862 of the Chinese Pharmacopoeia (Edition 2020, Volume IV ). Results The linear ranges of KHP
and sucrose were 0.20 — 20.00 mg / L and 0.25 - 50.00 mg / L (r = 0.999 9),respectively. The limit of detection (LOD) of

the instrument was 33.11 — 34.30 pg / L,and the limit of quantification (LOQ) of the instrument was 100.34 - 103.93 pg / L.
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The RSD of the precision test was in the range of 0.16% — 7.46% (n = 6). The recoveries of KHP and sucrose were in the
ranges of 91.37% - 119.78% and 86.08% — 121.82%,respectively,with RSDs of 0.02% - 5.31% and 0.01% - 8.78% (n = 9),

respectively. The TOC content in 85 batches of pharmaceutical packaging materials samples with four types of materials was in the

range of 0.35 - 17.29 mg/ L. Conclusion This method is simple,and has good sensitivity and precision, high repeatability and

accuracy,which can quickly determine the content of TOC in different materials of pharmaceutical packaging materials.

Key words: UV / persulfate wet oxidation non — dispersive infrared testing method; total organic carbon; pharmaceutical packaging

materials ; dissolved substances;content determination
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WA 1T o 2 84 7 300 i Tk 2 F, i IS
R TOC & s m () o) I B AL s S8 A | Ak 5
Hb 1 R RER S ATE SRS T4 BN E TOC Bk (TC) |
Tt (1C) , Fo TOC A5 I 25 SR A i 5 00 0 o F5eA I0) Jr
53 R 1R R RS F S SRR N A € 2 A R
(NDIR) ¥ | B H T i vk 45 , (03 2o 55 [ 52 56 4 )
BF 25 (ASTM) B0 3E A9 AT 2 Fpo) TOC KR B EL 72
I FH T P 55 0 00 60 88 19 K 5 0 A7 b 3 KRR
KIS =100 STl R K 8 BT e s il L1 24 A e T
AR I B UE 12 - 130 T AT ARl ST - dgghie - 171 4%
SR AFKE TOC 43 B AL FH 7 25 A A 4k 1) 417 38 3 55
> WUCARIFZE R ST T I R TR S R RE AN [
P25 MA 75 b TOC & i 4841 / i BRI 1 41
FENDIR &6 BURGE G .
1 XA F SR
1.1 {4=8

Multi N / C pharma UV % TOC 3 Hr A3 (CHE £2 43 4%
2 dbnt > AR ) ; XP404S #U - FOF (H R -
FERI 2L < 1 > A FRAE LR 0. 1 mg) s KM -
500VDE — 4 #4875 S 05 e (B 1L 6 S8l A A A A R
INT]LIE K 500 W, A% 80 kHz) .
1.2 iRF

FEWE O B (&R g0 3l PR i WS L S ok
111507 - 202105, & 54 99. 8%) , 1,4 — X} AR X IR &

(#1t5°4 101197 — 201904 ) , 1y 7 [ € i 25 fb K
WFFEBE 5 FERE X HES (AR s W BC o L i 5 Ak
HARABRA T 415K RH159835, & f = 99. 5%) ; 484
R EM (KHP, FifEfk TR BRA /L L5 A
921120, & &4 99. 95 ~ 100. 05% ) ; 1t B R M A AL 7 ( |
TEBTHL T AR AR e A BR A /] 5 R 7775 - 27 - 1,
TN 99.99%) 5 B (DU P BBl 2= A FR S H] L
2209151, g = 85. 0%) ; =1 4l &N, M ZE /R % HL
Wiy < R > SR A RAA, g KT
99. 99%); TOCKAFACAHHIFHZE > 18. 2 MQ-cm [EEZIK
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LWERTR SR R BRI 2GRS T
4 25 85 HLZ AL iy, BRI A BT ) 2544 0 e R A X
P AN TR) R i CTRD IR & 25 R U AN TR] 19 A=
FEAE) HEA TR
2 FHEEER
2.1 RAHZE

TOC A HTALFEHLIIN 30 min, B ALt i V75 2 RE
e, FFBAABR A B A e EERECH 3K, A 8h
YSURE A IR ) A3 it 1 VR ST e A R AL s o T 1Y)
AR (CO,)  BEEAL LAY CO, 5 N, —[RIECALT A M
%, COLTERFE YK PR, — A CO, MMk B S5
WS B B IE LG, AT 4 TCANIC, #1745 TOC.

2.2 REHE

P W B2 A R i 4 (A 7R R ) K A
V£ T 1 RN 2015 4 R K 25 G b ) (87 PR YBB
B i) 1180 g 24 A0 b ) A K Vs HE AR VA TR o
AR A EALIN , 5 TOC,

R GG PR W : A3 L, 4 — X 2 TR 6 B
0.018 79 g FIREME XTI AL 0. 030 06 g, 4G HFRE , 20 B &
500 mL 25 ), I TOC Kt FHK 68 75 5 i, 2 4%, $2
A1 BB IS mL, & 250 mL A8, I TOC ¥
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B TAEIR W 43 B 110 CT 4 2 1H E iy
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W o 3 | W B TOC AR MEI 45 7% 10 mL, 4351 # 100 mL
A, I TOC K A FH K 45, RIS B W 2 19 2R
100 mg / L /9 TOC H [A] B MV W It AT FH TOC £ £ H
K W B AR T & MR B 4y il o 0. 20, 0. 50, 1..00, 2. 00,
5.00, 10. 00, 20. 00 mg/ L f10. 25, 1. 00, 5. 00, 10. 00,
25.00,50. 00 mg / L1 2 U bR TAER L
2.3 SHFLEE

LB FHE % A1k NDIR 2% 4k, & F k04T 1t
N8/ R TN /&5 RS U =R AN I L U=t
2 V8 B R ) R R e e H L AR S R OR D 15%
b B R A B RR A (BT sV B2l 80 g / L) 2 B AL AL A
RAHFERTGE ORI TOC & i AL A, 43 3E a3k 2
AL Fe 2. 130 5 Ik EREAS I, 1 SR AR 9 TOC i
NAE o 45 5 TOC % & It i B, J5 3 B S AT 58
A R 2 mL B R AN (5T VR 2 Ry 80 g / L) AR
A E R 1,
1 TEARSEFRRSUFI FHTOCEENELR (mg/L)
Tab.1 Results of the content determination of TOC of different

samples in different oxidants (mg / L)

HRAH(EEEH) 15%dshig dREMTEREAS0g/L)

HEE(70°C,240) 1.56 1.58
2R A% F 5 TH(HDPE)#L(70 C,24 h) 2.51 3.7
AAR(0C,2h) 2.80 2.98
RATHPVC)R A (121°C,0.5h) 3.10 3.45
RBALH(PVDC)R A (121 C,0.5h) 5.62 25.20
RERA K (121°C,0.5h) 6.88 46.46

2.4 FHERFEE

A G0 PRI B 2. 200 1,4 — X R A
[ 72 4038 FH PV W S TOC K A FH 7K 4538 5, 43 gk A
WSE 30 S AR 19 TOC i 17 B, F2¢ 2 211480 g o 48 %
(M on(%) = (ro-r,) /! (r,=r,) X 100% .24 ,r H 1,4 -
Xof R 2R 48 3 FH A VA VA e W AE (g / L) 57, 28 TOC K
A K25 L A (g / L) 5 r, R BERE G FH PR W Y
i o H (pg/ L) . 45 % Teos Ty rsﬁj\frﬂ A1 490. 4, 14. 2,
541.5 wg/ L, 115451 4 90. 31%, F£HHE AL NDIR %

I 5E 25 4061 /R TOC B 2 2020 45 fz Fp [ 24 i (PU3Es ) )
0682 il 24 FHZK H TOC 2 25 1O A AT 2R
LRVE R EL AP B 2. 25 KHP FIEEWE 2 41 b5
E ARV W A5 30 i, F AR A AR i
2. 130 I i RGN, LA 2 28 A v T4 1 T 1) o e vk
JE (X, mg / L) AREARAR AR A TOC R B {E (V) AL bR
BEATLRME RN 45 5 KHP FIRERE 2 FhbR 9 5 1) o vk
FE43BIFE 0. 20 ~ 20. 00 mg / LF10. 25 ~50. 00 mg / L7 il
SRR TOC i o7 {2 14 06 R 2 R A R LR 2.
2 GUEXRERSHNRNERRBELESR

Tab.2 Results of the linear relation test and determination
results of LOD and LOQ

ot aia . SRR Rl ZER

L B2 r
BiR (mg/L) (pg/L) (pg/L)
ARAZWER  F=0.9505X+0.0249 0.999 0.20~20.00 0.9505 33.40 101.21
A47(KHP)  F=0.9256 X+0.2398 0.999 0.25~50.00 0.9256 34.30 10393
R F=0.9587X+0.0968 1.0000 0.20~20.00 0.9587 33.11  100.34
Y=0.9320 X+0.1384 1.0000 0.25~50.00 0.9320 34.06 103.22

KB (LOD ) F1 2 HBR (LOQ) B 1 < B TOC #6:% i
KLy, EAERE AFE S, B Oy AR SR I 4 9, i 5%
S B TOC M AR, BRUS 3 Y B0 1 5801 24946 43 51 oy
47.91, 46.54, 35.12, 33.92, 48.57, 40.95, 40.77,
37.93,45.07,26.93,63. 47 AnifEfi2E (o) M 9. 62, FHXF
FrUEf 22 (RSD) N 22. 65%. 25 A M R FEE P I RER
(IHELODMLOQ,LOD=3.30/S,L00Q =100/ S 4%
VL322, R LR LOD H5 JE 2020 4F Rz [ 24 i
(PUFR))0682 il 25 FH7K Fh TOC I 2O AH S AT 2ok
HLOQ AR TFCARFG)H 0. 2 mg / L LR PETL I ER

s B 1 U SR B 43512k 0. 5,1..0,5. 0,10. 0,
25.0,50. 0 mg / L () HEREFI KHP bR T AR W 458
BTAT 60y, 4% 2. 1300 R J5 vk 43 il AR I, 10 SR AN 2%
B9 TOC Wi 8 AR 45 5 3% 3, FE WA ot 25 B R -

T I AN [T - 25 R 2 A I G R
ZR BB TR TOC MR S5 J AR S 21 1 IR [RTlic
R Kok R MR GV R R (A) R

®3 KEERRBRER

Tab.3 Results of the precision test

JERE 5 l = - il —
TOC *f 248 (mg /L) X(mg/L) RSD(%) TOC " A (mg / L) X(mg/L) RSD(%)

0.5mg/L 0.58,0.59,0.56,0.59,0.59,0. 56 0.58 2.62 0.61,0.60,0.71,0.62,0.71,0. 62 0. 65 7. 46
1.Omg/L 0.99,1.11,1.03,1.06,1.05,1. 00 1. 04 4.13 1.13,1.03,1.08,1.10,1.09,1. 07 1.08 3.07
5.0mg/L  4.69,4.77,4.80,4.76,4.78,4.73 4.76 0.83 5.00,4.98,4.84,4.75,4.78,4. 94 4.88 2.18
10.0mg/L  9.68,9.66,9.60,9.69,9.58,9. 62 9.64 0.44  9.83,9.88,9.76,9.80,9.83,9.88 9.83 0.47
25.0mg /L 24.23,24.08,24.94,24.89,24.97,24. 08 24.03 0.51 23.61,23.59,23.67,23. 64,23.69,23. 66 23.64 0.16
50.0mg/L  48.21,48.07,48.42,48.18,47.98,48.05  48.15 0.33  48.05,47.97,47.82,48.20,48. 18,48.30  48.09 0.36
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Bs /48 1 ROIHZTHE AR (B) (25 R TE (C) L% B
R AR AR (D) SMHE % ER O (E) (R
Wkl / 55 1 A K (PA 1 AL/ PVC) ¥ vl R 8 [ 1A 24
HE AW (F) PVC/ R A LM (PVDC) T HE &
i (G) BRI A (H) .PVC/PVDC A&
fifi fi (1) \PVC / B 20 1 PVDC R Z FH A A1 () N
DCRE & 3 B RAS o = & 21 TOCHE ) L 4393l
FIA KHP F1EEREXF B8 42 2. 2 T F 7 36 A%
i3 R R B AR RE A L 4% 20 1 IR 7 ek BERE RS I , 4
AN IR i A I A 3 UK, G S A e O (L, ST
B T vk B PR G 1) RSD 45 5 WL 3% 4, 1
F4 FRESMHABSMEEKIREER

Tab. 4 Results of the method repeatability test and the recovery test

Kk mHRE hE KHP kR

BhORE RE R OTOCEAE FHEE RS TOCEHE FHEE RSD
(x107°) (mg/L) (mL) (mg/L) (%) (%) (mg/L)  %(%) (%)

A 0.646 5 5 0.52 11317 400 0.4 86.08 8.78
10 0.7 93.83 531 0.67 86.13  2.64
15 0.98 9%.16 5.19  L0OI 103.17 - 0.47
B 1.300 5 5 0.71 119.78 013 072 12182 0.05
10 147 106.21 160  L43 10221 L15
15 1.9 103.47 048 206  110.14 3.88
C 2310 10 10 1.60 93.06 1.47 1.64 9.73 0.43
20 2720 100,03 L21 2,65 96.36 1.60
40 472 10001 LIS 456 95.93  L.55
D 2380 20 10 2.65 98.53 0.09 259 95.19 0.73
20 4.58 91.51 021 445 9410 2.49
40 8.52 98.01 0.4 835 95.80 0.37
E3.030 20 10 2.76 9.86 0.85 295  106.02 1.36
2 4.65 95.67 0.41 49  103.34 0.5
40 8.43 95.05 0.17  9.07  103.09 0.21
Foo13.780 100 5 8.16 9.65 038 817 92.78  0.69
15 18.33 98.68 0.37 18.32 98.62  0.06
25 21.55 96.00 0.34  27.20 94.61 0.17
G 13.780 100 10 14.40 91.74 0.05  14.32 96.91 0.03
15 19.24 97.42 0.3 19.24 97.42 0.04
0 9 94.48 0.04 3277 93.83 0.18
Ho 29.50 200 5 1756 100.84 0.64  16.90 10231 2.09
10 27.05 97.89 0.04 17.64 10161 0.31
25 35.09 95.22 0.20  26.42 9472 0.29
[ 34070 200 5 18.37 91.56  L75  18.34 91.32 0.9%
15 36.85 9412 0.19  36.74 93.78 0.16
25 56.15 95.07 0.02  55.64 94.06 0.0
J 36,000 200 0 2.3 91.37 0.10 2.7 90.85  0.81
0 4673 94.08 0.09  46.67 93.92 0.8
40 829 9225 0.06 8327 9.7 0.45

D5k T A P A B A R4 I RS G ORE S HLRE
i J IR B A5 1 T Y BB ARl b B3 43 A8 iR 4R A5 1
(121 °C.0.5 h) (AR )y h O R X5 —h
70 °C.2. 0 h, 5 (FH R AN B SE PR (25 R R v B
FA) VRS 2 B0 IE , W R 3R 2R A T T [RDSCR % 4%
2.5 HREENE

HOJCAE S 4 25 8SHERE S, 44 2. 2300 F J5 ik il 45 11t
AT, 72 2. 1300 I s e RN, 0 sRA A 9 TOC i)
WEAE 255 85 AL TOC &5 4 0. 35~ 17. 29 mg / Lo
TEILER 5, U RS54 70 °CL2. 0 h %k .
3 iTig

AR HE A 2 i A P AR o AL 7R 8 BB
B, IR A IS B o3 AT v BT I A
F, P TOC T H VR b #7550 H 6 R R A
W5 TR M E 2 R B 2 A b i ok
KR T B R A A T 5 AR g B R A R 2 B
AR HAFTE TR BUN A I B A b, BeR
FHTOC A& 151 H X H A 508 LY R 47 8 i) S5l
M o ASBIF5E A B, AN TRDARE BT R ok B AN () o A 24
A 0 0 TOC M W AF 22 S 0, DX A ) L 4
W A2 AT RE 4 250 T 85 it 24 f A1 B B9 TOC &
O 0.35~17.29 mg / L, JUHJE PA B F K25 R4
K ATHTIR P, T BE MM T Rl A 7= 1 R ) AR
T LA S EBOLE B AL AR, & TOC 7= & i)
A B K AT e Sk TR R R A P AR b S Y B A
FEBARFR AR ) AR R A AR B = TOC i
NAE Y PA / AL / PVC ¥ i i R 0 [ 44 25 1 &2 40 R i
S)REERA R, X AT B AR AR S r B R M R LA
IR BB 1E 24 5 A2 Lk e U E A B, AT
PRAEZY i B O BT o LR 7 AR A 3R TR ) 5 PA
FPVC ALy [8] 53 50 A 52 G K it 20U A Lk
A7V v FE LY AN [) ) G BAA ™ i T2 mT e ms A AN ]
LB JE AR P i B AT RS A LA -

TOCK M B R Em . THHEEZ 525
e, FECTOC M 1 A7 A 5 , 76 A I e 3 G AT 8
1) A gt A2 3L 55 AR o e VAR 85 P I 2B 5 05 4 ) S
3R T VB 3B A R T4 Ak s R 2) 2 MV
TR ] 4 7 125 2R AR AS ) 0 ARG 00 485 2R () 52 i A, 7
5 4 0 S o 3) A0 AR o 5 4 R R E 4 SR v 1Y)
DR W AN A U W] 1 A T A HE RN H RS 44
A2 Y L0 7 5 1 DU 245 6 6 77 TOC i 7 i A 3 16T
4) BT PR R v, RE TS e o S) ] TOC 43 BT AL,
N 3kt B A A TE A I DL

A G A ST 7 VA B 2 T AN R AR R T (5
AACFIHEE AL ) LI, AR I LOD FTLOQ,
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x5 ARMR.EHAEARGHARBEMMHFTOCEE
MELER (mg/L)

Tab.5 Results of the content determination of TOC in different

materials and different varieties (same materials) of pharmaceutical

packaging materials (mg / L)

Wi Eoid - mr FERHTOCE  TOCHN
MR (mg/L) SB (mg/L)
sk B B 2.22,2.31,2.33,2.74 200~ 74
B BRAAK. AR 0.63, 0.70, 0.71, 1.17, 0.35~1.89
KEERL 1.47,1.89
¥ (LDPE)%  LDPE % 0.35,0.53,1.05
WRAARE  RAB(PPIARAL  1.90,1.90,2.12,2.19 1.11~5.30
EREHFRRE 3.76,4.31,5.28
ZREHRE 111
Wb i 3.86,5.22,5.30
HRARRAL  RUHPE)ERAA  3.78,4.04,4.39,6.16,6.45 0.42~6.45
PE#BRAFLE 0.42
PE#RAAE 1.95
PP A 4.29,4.49

BHFHRA A 212
oM E o PPH 1.40,1.50,1.77,1.91,2.25 0.79~4.79

(R4S o HDPE# 1.37,1.99,2.79
ik DREMAZTRL 0.91,1.04,1.07
ZEBE(PEDL
5} HDPE # 479

SPRHDPE#AZ 119
SSAHDPE#SNE 132
FEEFR(FH) 2.37

B ok PP 0.79
wE BARE RE 0.71,1.38,1.73,1.82,2.07, 0.71~2.81
2.38,2.57,2.81

Ih HBREEAL RARTE(KER/ 176,1.87,2453.57
o RERALS kR

0.40~14.48

REBI2 Lo8FF(RE 0.40,0.4,1.58,1.87
BEIBSE KR
BHREE 1.61,14.48
nhz 2.28,6.32
HAEA)  PVCERA 0.37,0.54,0.70,0.73,0.89 0.37~17.29
K PVDC= 2 0.96,1.19,1.35,1. 64
PVDCZ £ 2.21,7.50
RN (PA)B K 9.89,11.82,12.62,17.29

FAE AL [ W6 v 2% JE A L P v A TR R 2 A 2
BLBFE i B VR 2 R 5 05 E A ST B0 5 TR AR A
i | SRR MRS % 2 5 ik T A P AR R v, B DR
HAGIN A [R] B4 52 25 6 B4 Hh TOC #4355 A Y 85 HEAE
R TR L2 A A T i R TR R SOCAS F S 4
AR HITT TOCAZI I H FREE LS

82

5% Lk

[1] BTk, & ¥, H#HA,5. REASLEHHY 2 AN
KREK e ]]. BEHFR,2024,43(5):722 - 726.

[2] FHRL,# 4. EAGSTHAE RSO RAZTL]]
BSFE S A EF TS, 1992,15(3):147 - 151.

(Bl BRHEER L. X TRACEE ) (2025 550 mH X
R 38 4o [EB/ OL]. (2022 - 12 - 19) [2025 - 01 - 10].
https: // www. chp. org. cn / # / newsDetail 7id = 17490.

(4] % & 47 R,RKEF. MEAMMEEZMNEL R
EkTERANBES T[] BRAFSH K, 2017,
36(5):58 - 62.

[5] HI/T 71 — 2001, K&
o G SN FORGR S

(6] # &, B Em,"T#HRE, 5 . KT TOC A ALLE 6 TR B A
M AT []]. BBBREFR,2002,23(83):224 - 227.

(7148 ZE 4£F, BhT . ST LEKFEABMNE[]].
J~ R ,2023,50(13):157 - 159.

[8] 4 m,7k&E 4,5 de, % . MEHadt - Fpd 5%
W B RAKP EABE]]. AF AT E,2021,30(4):7 - 10.

[9] F Rk, M, BRI, ¥ . EAREHMNEE S FI -
TR R (T] RS R A7,2022,42(11)
3423 - 3427.

[10] % #0 . &8 2R WML K oy A Az ]].

[ 257K HE 7K, 2013,29(12) :98 — 100.

[11] FR3R4E, FRImdR, & & . ZBAEALRGE AL 3 m & ) 25 )
Kb BABEASE[]]. FEHIF,2014,17(1):69 - 71.

[12] & oF, 2ol 303k 4E 5 . BAHLER(TOC) M Z 7 ik
A AR WA A RT]. %o Ar
2% %,2016,36(8) : 1465 — 1469.

[13] s, B+, 4 B ,5 . BANBENEELEET
B g A S FERE e R[] PERASRRFLEE,
2017,30(11):1196 - 1202.

[14] FHA Ik, T35, 5 . mAREPEAIBENEH A
IR T R[], 2 A MK ,2023,42(6) : 1230 - 1239.

[15] 8038, %6 5% . B A HUBE AT AU &AL %A HLsk 4
#5 [)]. TR LA S ,2017,45(9) 1155 - 158.

[16] WIESMEIER M, HUBNER R, SPORLEIN P, et al. Carbon

B G M E PR AANA - 3E

sequestration potential of soils in southeast Germany derived
from stable soil organic carbon saturation [J]. Global Change
Biology,2014,20(2) :653 — 665.

[17] GUO LC, XIONG SF, CHEN YL, et al. Total organic carbon
content as an early warning indicator of soil degradation[J].
Science Bulletin, 2023,68(2): 150 — 153.

(18] TEAZH AL . BRHEHTEIM]. LK.
I & 25 AR A, 2015:103 - 234,

(9] BREHRET . PAAREFEZE(WH)(M]. LT
& & 25 AR AR, 2020:92.

(ks H 3912025 - 02 - 26; 4 81 H 1B 2025 - 09 - 17)



