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Abstract: [ Objectives ] Livestock manures from intensive farming often contain a certain amount of
antibiotics, which could get into farmland when applied as fertilizers. To provide a basis for their safe recycling,
we investigated the concentration of tetracycline antibiotics (TCs) in the raw materials and commercial products
of organic fertilizers in China. [ Methods ] 180 samples of organic fertilizer raw materials (including auxiliary
materials) and 244 samples of commercial organic fertilizer products were collected nationwide for the analysis of
oxytetracycline (OTC), tetracycline (TTC), chlortetracycline (CTC), and doxycycline (DXC). The commercial
organic fertilizer products only included those made from livestock manure. [ Results ] The total detection rate of
the four TCs in all the samples was 24.29%, and 35.00% in raw materials and 16.39% in the commercial products,
with the rate being lower in the latter than in raw materials. Detection rate of one or two types of antibiotics in
total samples was 80.58%, 92.50% in the commercial products and 73.02% in raw materials. The detected
concentration of the 4 TCs was in the order of CTC (22.11 mg/kg) > OTC (2.49 mg/kg) > TTC (1.74 mg/kg) >
DXC (0.71 mg/kg), and the detection rate was in the order of OTC (14.39%) > DXC (11.08%) > CTC (8.96%) >
TTC (6.13%). The detection rate of the four TCs in raw materials was pig manure (83.33%) > chicken dung
(66.67%) > cow dung (30.77%) > sheep dung (24.42%). Residues, including oil residues (dry cakes), yeast
residues and bone meal were also detected, indicating that TCs were not only widely used in animal husbandry but
also had been extended to mushroom cultivation and leftovers from the animal-derived food industry. The
contents of CTC, TTC and OTC in sheep dung were higher, and those of CTC and OTC in pig manure were
higher. The removal rates of TCs in commercial products were in the order OTC (77.81%) > CTC (75.02%) >
TTC (72.84%) > DXC (62.80%). Inner Mongolia and Gansu were the regions with the highest detection rate and
concentration of the 4 TCs investigated. [ Conclusions ] The composting process of organic fertilizer generally
removes 62.80%—77.81% of the four kinds of TCs in organic fertilizer raw materials, and the order of removal
rate is OTC>CTC>TTC>DXC. At present, the detection rate of the four TCs in all the raw-materials and
commercial organic fertilizer products is 24.29%, and that in commercial organic fertilizer products (16.39%) is
lower than in raw materials (35.00%).

Key words: livestock and poultry feces; commercial organic fertilizer; oxytetracycline; tetracycline;
chlortetracycline; doxycycline; detection rate
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Fig. 1 Detection rate of tetracycline antibiotics and the proportion of the types of tetracycline antibiotics detected
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EREE

b A DS R R 25 R (OTC) ks 21
HHR 6.56% F1 25.00%, F-HIK H 2 A5 &5 5k
14.39% 1 2.49 mg/kg (% 2). MG R K H, 1
& R OB B MR R, Rl
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Table 1 Detection rate of tetracycline antibiotics in the raw materials and their commercial products

T&HR TUFRZR SHR AR &it
ikt Kesi  Oxytetracycline Tetracycline Chlortetracycline Doxycycline Total
Raw material Sa;rzfle 7= Skt 7= 5 ikt 7= 5 thf 7= 5 J}’?f t}i 7= 5 J}’?iﬁ
Product material Product material Product material Product material Product material

2§ Sheep dung 159 1.37 15.12 2.74 12.79 6.85 11.63 5.48 4.65 9.59 24.42
X% Chicken dung 90 16.67 53.33 3.33 3.33 6.67 16.67 23.33 40.00 31.67 66.67
43 Cow dung 80 12.20 25.64 4.88 12.82 4.88 15.38 — 5.13 14.63 30.77
J#3% Pig manure 26 — 11.54 — 11.54 500  11.54 2500 3077 2500  83.33
F&FT Straw 11 — 11.11 — — — — — — 11.11 —
it 9 — 20.00 — — — — — 40.0 — 40.00
Mushroom residue
MPF Oil residue 7 — — — — 16.66 — 16.66 — 16.67 —
T BEH Y east residue 6 — — — — 16.67 — — — 16.67 —
2 Duck dung 6 — — — — — — 16.67 — — 16.67
4} Bone meal 2 — 50.0 — — — 50.0 — 50.0 — 50.00
J&4E R Humic acid 11 _ _ _ _ o . _ _ o o
Vi Seaweed 3 _ _ _ _ _ _ _ _ _ _
FERE Furfural residue 3 _ _ _ _ . _ _ _ _ .
B2 Vermi compost 3 — - — — — _ _ _ _ _
it . - B B - -
Chinese medicine residue
VA Biogas residue 2 _ _ _ _ _ _ _ _ o o
BB Food waste 1 — — — — — _ — — _ _
RS Lees 1 _ — _ _ _ _ _ _ _ _
423 Rabbit dung 1 — — — — — — — — — —

H (Note) : Kt R=HHA RHMNKE B RFEEL Detection rate=Number of samples with tetracycline antibiotics/Sample numbers; “—"

FIRAKKH Not detected.
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Table 2 Detection rate and content of oxytetracycline in organic fertilizer raw materials and commercial products

s N v UOARRES T3 N SN A5 RE
Sk R Kt BEA B il PR ORI Mt
. . Detection rate  Average content Maximum Minimum (6AY4
Classification Sample No.  Detected sample No. o 0
(%) (mg/kg) (mg/kg)  (mg/kg) (%)
JEEH Total sample 424 61 14.39 2.49 56.10 0.06 323
i A HUIE Commercial product 244 16 6.56 1.04 14.20 0.06 382
J5UEL Raw material 180 45 25.00 3.01 56.10 0.06 220

Lo 8.81%, HB KA HEIEHRAT A LR R (B DREE) L e BA R, HPgE R
e WEERE, DIFFE M. £ (IR 2518 135, 046, 0.23, 0.14, 0.12 2 0.08 mg/kg
WAH) RAGFEPR R, 0k 2,75, 2.61, 2.22 & (E13).

0.66 mg/kg, KiihREGEMUESHEMEERS, 24 ZEREERNBETHEHNRFSESHE
35K 25.00% F13.01 mg/kg; MIERHAERILTE RS2

SBORA, LAt HON (R — PR W), = # BB R AR (A WU 2 % (CTO) Kot
PO KA e b DX & e, il 5130 5.1, 113, 2N 13.33% M1 5.74% . S HK S8R B 435
0.69 [ 0.40 mg/kg, 2. Wt TLPG RN S HIX % 8.96% 1 22.11 mg/ke (% 4). . F¥ . B

=N =N

AR (F 2). Je 2 26rh CTC R R FLEAE, 43510 10.00% .
23 BEEEFEEREMRESHEINESUIRELS 10.00% . 11.54% } 9.43%, ‘B¥y. EEREE Zamitth
REREE WA CTC WKt . WS EXRE, FIRM4d R,

BB R S A LRI AR (TTC) kil 4355k 15.60 (4i—4> 5 {H) A1 9.06 mg/kg, FE3E
APHIA 11.11% F1 2.46%, TR MR ERSR  KAGISPEAR, 4500 2.37 1 0.34 mg/kg. ALK
H6.13% F1 1.74 mg/kg (3K 3). FFE. 426, Ik Al mEmECRE, N5 Hl. Wk, =
XFEPR T TTC, Rl G & BB s m . Wb IR S -2 & & 5o 19.18
3 8.17% . 8.75%. 11.54%. 3.33%, 44l 1.84. 0.94, 0.42. 0.42, 0.31 % 0.17 mg/kg, Mt
294, 0.81, 0.32, 0.11 mg/kge MAERHAEF=E X HA — AR L A E 28 0B PR CTC, H
FrE kA, W5 b, . drdb. dba SRR 538.38 mg/kg (4 4).
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Fig. 2 Oxytetracycline content in different raw materials and their commercial products
[# (Note) : FHIEIFIHESNria] Lk Tisn i (B AR BRIy Bk, BRI L FROMENNFREER L. Fafg, MERS
] R R SR BAR I T E, AR RIRES B ¢ - 7 IR BORRERIME, 0 7 RRREE GHERED, ‘o7 FRTIHEIE.
The black horizontal line on top of the vertical line in the middle of the box chart represents the upper edge of the data, the upper and lower black

edges of the box chart represent the upper and lower quartiles of the data, respectively, and the black horizontal line in the middle of the box chart
represent the median of the data. The upper and lower “ —” outside the box plot indicate the maximum and minimum value respectively, the “ +"

indicate the abnormal value (3 times coefficient), and the “a” indicate the average value.]
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Table 3 Detection rate and content of tetracycline in the raw materials and their commercial products

e R AR o R R K i 2 FHIS R KE /ME A5 2B
. . Sample Detected Deteced rate Average content Maximum Minimum CvV
Classification
No. sample No. (%) (mg/kg) (mg/kg) (mg/kg) (%)
JURESD Total samples 424 26 6.13 1.74 25.00 0.05 282
A PLIE Commercial product 244 6 2.46 0.34 1.56 0.05 147
J5U6} Raw material 180 20 11.11 2.15 25.00 0.07 260
B 260 250 — 260
2 250 + 255 |
T 240 20.0 |
5 230 : 250 -
£ 220
5 210 15.0 157
£ 200 & - 240 L
‘i 51
s ! .
s 15 50 t 15 [
£ 2p
Z 0 == 0 s . p— 0 —_—
o i e OKE 2 2 B HE g ] Z2E -2 g
g5 45 Wi = = 5 2 %% § 3 ® 55 253
5 z & g 2 ° 5 =5 £ I S E SE
3 S 2 2 g & 7 = & 3 b
2 7 [y ke o = 5 g B
© ' e

3 FRIEMEEESRENETHFRESERRL
Fig.3 Tetracycline content in the raw materials and their commercial products
[4: (Note) : FHIEIFIHES a2k Tisn M (B R By Bk, BRI L T ROAMENNFREER L. Fafig, MERS
] R R FOR BAR R T R, AR EIRES BT ¢ - 7 BIRORBORRRAME, 7 RRSEE GHERED, ‘a7 FRTIEIE.
The black horizontal line on the top of the vertical line in the middle of the box chart represents the upper edge line of the data, the upper and lower
black edges of the box chart represent the upper and lower quartiles of the data, respectively, and the black horizontal line in the middle of the box

chart represent the median of the data. The upper and lower “ —” outside the box plot indicate the maximum and minimum value, the “ +”

@ »

indicate the abnormal value (3 times coefficient), and the “a” indicate the average value.]
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Table 4 Detection rate and content of chlortetracycline in organic fertilizer raw and commercial products

e FERREL AR L iR e S BRI o/ ME BT
}_ - . Sample Detected Detected rate Average content ~ Maximum  Minimum CvV
Classification
No. sample No. (%) (mg/kg) (mg/kg) (mg/kg) (%)
S Total samples 424 38 8.96 22.11 538.38 0.500 402
i it A HLIE Commercial product 244 14 5.74 0.34 1.53 0.050 119
J5UEL Raw material 180 24 13.33 34.81 538.38 0.065 318

25 EBEEEEERENEREFHNBNEFENERE 2510 1,10, 082, 042, 0.16 & 0.14 mg/kg, MIE
HEERE BHEP i Brfe ok &, A5 Wb, Jbat,
& IE R AR AR S Z OXO) M H L = P iR e S e X A
AN 13.33% Fl 9.43%. FHkethkma sy i HOFEE R0y 1,58, 1.28, 0.87. 0.76,
919 11.08% F10.71 me/kg (4 5). DXC fefs . xg 064, 048,024, 0.19 % 0.06 mg/kg, {HRHIHH
TR AT, A 30.77%, 30.0% & A DXCARERAIILR () 3).
16.67%. 2633k il BT, AT 3.14% FI 2.6 BHRBESANEEEERER TCs FERKRE
2.5%, mhi . WE L E R R AR o N Rk X 81 173 7] ek SR 2 SR B AR FHAZE IO AR 7 ) T it
B, ML . R M RARFOTAN R, APUE, BEATAPULA AR 4 Fh TCs B RERAR Y

>R >R ZI
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Fig. 4 Chlortetracycline concentration in the raw materials and their commercial products
[VE (Note) : FHIEHESD v [A] B LR Toiom MR (M2 FR Bl iy ik, MBI B T RO MFREEE B FIsacde, ARk S
] i R R SR BAR B T R, MR EIRESN BT ¢ -7 SRR RO RIERIME, 7 RRREE GHERED, ‘e FRPHEUE.
The black horizontal line on top of the vertical line in the middle of the box chart represent the upper edge line of the data, the upper and lower black
edges of the box chart represent the upper and lower quartiles of the data, respectively, and the black horizontal line in the middle of the box chart

“ ”

represent the median of the data. The upper and lower “ —” outside the box plot indicate the maximum and minimum value, the “ + ” indicate

“

the abnormal value (3 times coefficient), and the “a” indicate the average value.]
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Table 5 Detection rate and content of doxycycline in the raw materials and their commercial products

N g G R A R S Sl Ny B 2N R R
e FERREL o HRE R B DATES R SN e/ IMH AR AL
. . Samples Detected Detected rate Average content ~ Maximum  Minimum CvV
Classification
No. sample No. (%) (mg/kg) (mg/kg) (mg/kg) (%)
S Total samples 424 47 11.08 0.71 8.83 0.055 211
R A WU Commercial product 244 23 9.43 0.24 0.53 0.08 46
J5B} Raw material 180 24 13.33 1.16 8.83 0.055 173
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Fig. 5 Doxycycline content in organic fertilizer raw materials and commercial products from different regions
[H: (Note) : FHTEIFHESN a2k s (B RR By B3k, AR L T ROEMENNFRREER L. Fafif, MERS
[ £ S B R R R BRI T L AT IEHES BT« - 7 AR R R/ ME,  “a” 3RRTH5UE . The black horizontal line on top of
the vertical line in the middle of the box chart represents the upper edge line of the data, the upper and lower black edges of the box chart represent the
upper and lower quartiles of the data, respectively, and the black horizontal line in the middle of the box chart represent the median of the data. The

“@

upper and lower “ -7 outside the box plot indicate the maximum and minimum value, and the “a” indicate the average value.]

Br (B 6) AT, FIaADUIEA = AieE e 4 F REKBVNIF A OTC (77.81%) >CTC (75.02%) >
TCs, EBEFEN 62.80%~77.81%, 4 Fh TCs BYEBE  TTC (72.84%) >DXC (62.80%), A5 JFRH 4 Fh
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“a” FATFHEIE. OTC—Oxytetracycline; TTC—Tetracycline;
CTC—Chlortetracycline; DXC—Doxycycline. The black horizontal
line on top of the vertical line in the middle of the box chart
represents the upper edge line of the data, the upper and lower black
edges of the box chart represent the upper and lower quartiles of the
data, respectively, and the black horizontal line in the middle of the
box chart represent the median of the data. The upper and lower
“ — 7 outside the box plot indicate the maximum and minimum

value, the “ +” indicate the abnormal value (3 times coefficient), and

the “a” indicate the average value.]

TCs B & 8T —3% (B CTC 5 OTC Wi JF H.A4).
LR pE ST RS R A8, HIEHR T RE S AL
JE R 2 R A O . AN R Rl 75 b A LR
4 Ff TCs KBRREZEREB R, IR S5 ANIEA - i &
W R EEREL . Kk R [R] K R BERE S G, OTC,
TTC. CTC K DXD M ZERF5 514 71.43%~97.08% .
50.00%~99.54% . 68.64%~83.35% &% 21.21%~
98.20%.

3 hie
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BB XA ER 4 Fh TCs AU H R A & 268 A
FARIR 22 5300, Ao HE 38 1y ) J S NG HE R A O 42
LY fb AR B N s ()2 SR R I R, R 2
PrAERDMPIE RS DI HEE . 43R
FANFRAE T R A PUIEA A 31.67% . 25.00% .
14.63% F19.59% (1) 4 Ff TCs K3, HAPUIE R
NEAL i 7% HORE Bk & & 258 5Ok TCs 119 62.80% ~
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B R SR 1 & & 2 2 A MU A ™ 1
BB, AR AL E B IR PR P B AR R D
e, R ERAEE DL LA R AR MR
WINFIHF B G R0, Hh2y 30% b & & 3% E HE
RSN BB P RIS Y IR . AR AE Rk
W1, & &I RoRtaf S R A VUIE YA R & Ry
MR EZ—, RET 2016 4G T (BAHUIEE
THER. WAR, £HERSRAOERNTENE S
ORI EIERE ) (GB/T32951—2016), MANIZEAE
7= TCs 5% B R F 46 TR vk, (B BITHA
HUIE BRI AT AR E NY/T 525—2021 R ¥ K 34t
HFE . ARG R R WA U A HEAE 5 A 7= o 72 9
ARETEREMRPIA R, B &2 FR B & 2 R
BHE PR A ALIE, 38 sk A R . #leE
A HUEARHE PR FUE R R R bR

A HUIEA: 7= Al XRE SR R ANBE &, U £
NRURASTINENEY SN e ¥ o 7 o N 300 [ DN
XA LI A F= Al = St g WA T 8, ST A AL AL
SYRE I E G, TR AEAA PR R SO,
PREALE & 2 A A LIRS 2R P2 JFOR AT HE L TR
KA HUIE = Fhbo A R & 858 = 7 k5 o st
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R TZES%, ASERAIIEEhhtAERE =, N
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4 35.00% 1 16.39%, BK R K 24.29%, i
AU AR AR T AR 72 5k, O 80% A& & 28l
JEORE KR A ALIE R 1~2 iR R, KR
FW K. OTC (14.39%) > DXC (11.08%) > CTC
(8.96%) > TTC (6.13%).

2) BEIEM T 4 B RIPUE R K
KENNEI A 5 (83.33%) >X92E (66.67%) >4-%%
(30.77%) >F3¢ (24.42%), VIFE &I Ky T B R E
PRI A HLAE 4 B TCs K H R i K BI/NEILN
X2 (31.67%) >HE2E (25.00%) >4-%% (14.63%) >F- %%
(9.59%). TEMSZE | 7 KoE R A K, Ut
B TCs B T 76 & BOERFE L i E0 ,  H ATE 28 4

I AP . S TR S B R AR AE  (EHAG
RIS FRFAT

3) A HLAE A HE A b 2 R B8 25 bR B & 2S48 JFR)
4 Fh TCs 1) 62.80%~77.81%, EEZHKB|/NEIR
5 OTC >CTC>TTC>DXC,
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