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7.7 mS/em, HHKEMEE R ESAIRE, RN 5 %L
W R R IR, HAS R RS B 8 FR I oK A
HhBRESBE SR AMEEFIEX A FET e,
RV A RO At S S i, oA B
B 2 A A R T SR A A 340 e 5T SR
HERESNT Se rE@FMERH RS TESH (TH,
G R 4.9~27.5 g/kg CEIIMEN 103 gkg) « 2R,
LA 1) H RN R 7 AR — S ), i gk U —
A3 KA AR T8 RCRAR . R KPR . FE IR 2
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%, HUOTRE T HAeELBNES BN R, Wkt
FEAEEG]. B0 B RIUA Mg SR BUR R AT &
PR VRS AR5 I 1) 5%, 3 3 b S 1 B 6
UEJTVE RS 56 BEANHER L, BIF 7C AT Dy J 482 3 o JRcHE AN 25
BB AR AR R 2 WA (2 HERR IR PR AL AN & Ik
AIFFEER .

MRS 7

e E Sy il
KT, N & SRR, 72

1

1.1

BRI 3 AR & BOA ARR MM S [ 2
FERE . RIEFEFE/E L 6 FRIRAORE S o SRAERS HIBR K/
PR BR. NEWERESRY, SR CGEEIE RN
BARBIE: GB/T 25169-2022) " Hu47, %N HE#HE,
BT REAREN, RYPGEERNSLRE.

R LK, HEE<0.5pS/em. EH 15 min %
Bk CO,. A HJa iR WS R, R EHE
(H,0,, 30%, Rgiati) Mo, 1.1 R SEs, R
gl

IR 1) T B B A S HOLE 1.

Fx1 FTENHFEERESHY
Table 1 Main instrumentation and its parameters
{X 2% % Instrumentations 715 Model ] Manufacturer WA TG Test range KLl REFE Accuracy
1E I HLBh R 7 2% TN PWRTGPIH: 40~300 rmin ") PEFHHHE: +1 (cmin?)
Electric constant-temperature oscillator HZQ-X300 IR G W 5~65C W 02T
Z ke & 2 E AR 0L Velocity 18R Dynamica. CH B3 300~18 000 (r-min") B3 420 (rmin")
Versatile desktop high-speed refrigerated centrifuge clocity ynamica, HEE: —20~40C . £2°C
FL-F-KF Electronic balance ME204E/02 Mettler-Toledo, CH 0~220g 0.1mg 1 0.1¢g
F, A B R U A A N - . .
Electrothermal constant temperature blast drying oven 101-1 IR it ~300C £2C
B AR R K R - . om . .
Digital constant temperature water bath pot HH-6 RIS Ein~99.9C £0.5¢C
LI R 8 PR
WALIERILIE 5 F-3100 R 0.45 um —

Millipore filtration membranes filter

1.2 BEXNESH

W e M2 R ILJENHEAS, 7E 105 CHE 2 h )5, TR
ANTRBNAHNEZREHE, BT, BH. KE,
HERBEHEE (WHREEZNT 05mg), AT
MR PRECEAERES (50.0£0.1) g A 500 mL )~
FEEEPR T, IINTE AR 27K, 4 BRI %
JEE TR LIRY . @R KA o r] A v 4 4R
BRI, RUOMR IR R eEd 2t g s,
EIE O R A 0.45 pm 7K ZR AL I I (1) 958 5 ek 8 B
H L. WELJET 20~50 mL, SR CIEREE KA
BE TR EAT. ATHARLMAE, &GS
A W N> g E R, R R Ak
BEAMHEKL, HETAKM EET, RELEEK, BEE
BB R B OB R E A b RIEARIE T 2k m 4t
W, KA 105 °C HAHN, EEMT. AH. &
i, HERRETE.

1.3 Rt
1.3.1 ZAMAGRIE T

FEAKEC I E . B350 M FE 0 mT v 4 35 20 B0 3R B,
/NI FEER RN TS, I RIAE T 5 234 .
SrAERE 1:2.50 1:5. 1:10 FEK ELEAT AT Inbritss, B
AN 125, 250+ 500 mL & AL RREE 4K, A
4l K 5 R BRI 1% P S AE IR 3 4% LA 150 r/min ik
¥ 3 min, YR GIEEDAMIEIE, JER L HhIE SR
W 40 mL, F/KiraKi sz . S )sE,
FHHEHE 105 C 2 EEE. MK PEE 6 Ik, 20T
ANF KT B 4 b & M XS br v e %2 Crelative
standard deviation, RSD) FI[FICE, LI B EREK LEA] .

PRGN e : BB B R Vs AR O AR
PR EEE 100, 150, 200 r/min 3£ 3 NKF, R
B #E 1. 3. 5. 7min & 4 ANUKCF, JE 12 MAbRE, £
MEHEE 6 R, RN & B &g EERNETT ER
X IRV Je il 2o Ak g, JEFE DL 4 000 t/min &0
8 min, WREUR I 40 mL, [FIFERAEERNE e,

B3 T7 MERE: WIREUR R 7kt Hh e
Bk, RV RRA B O EE A [A] . LS E
R RN ) AN R 3R, R L R W B 4000,
5000~ 6000, 7000 r/min 3t 4 NKFE, B E 4.
6+ 8. 10min 3£ 4 NKF, 3k 16 NMab3E, AL E
26k, [R5 E LG E Bk e 7 E AT IR, &
OB R RIS, Fe A A (EE 2100Q) I
TE R U . WOPUR R 40 mL,  [F)ARE SR FH B A
EH AR,

IR ZH A RS L e AR AR Al K AR R
9250 mL. #%3%Z %09 150 r/min A1 3 min. 5 X
B 40mL, HARKDRE 1.277, 405 E
26,

2RO e R I 2 2 R R IROK,
NG FREE R E; D NHRZE R K FRIERIR S5 R %
FEFNAERA B AT T, W R SR ] g 2D DAY f 28 Tt
Ao WRECIR R 104 204 30, 40. 50 mL 3t 5 KF,
BAKFEE 6 IR, FERAERZRINEHSIE.
1.3.2 JERKEKIT

MR 56 A B ATL IR0 45 S, 366 F R 4 3 B s a3 K 1Y
SR WHME (100, 150, 200 r/min) « O] (64
8. 10min) . & HHEWHE (10, 20, 30mL), % 3
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KR 3 KFIE iR rt, B 9 M B A, FA4
AEHHESE 6 Ik (LK 2,

&2 EXREEI
Table 2 Orthogonal test design

AP P I 1254 ] B HH VR
Treated Oscillation Centrifugation Leachate
group frequency/(r'min”") time/min uptake amount/mL

1 100 6 10

2 100 8 30

3 100 10 20

4 150 6 30

5 150 8 20

6 150 10 10

7 200 6 20

8 200 8 10

9 200 10 30

1.3.3  AedrEfoRie

B A A B ZEREAE S R A, e — I 8 2
FMEG (BN 0.5~3 i fRrll H 2y & 8D s Wit R 4%
FHIE I e 20 0%, SR SN K dhaE, itEHR
RSD AM0bREIWCEE, 4347 75 2k, 5 BRI HERA FE
1.4 BEZRITSHH

K H SPSS 23.0 X #4f #EAT R 22 . AH IR ME 23 A S
/N 2 7 J vk (least significant difference, LSD 45 46 )
3H1; KM Origin 2021 B2 I .

1.5 HmMNESZE

FEf B3 et BAKIRE, R HRGEE LA
0.45 um FIJERERT JE B0 5, SRR ZE TR AL HE X
BRAE N ERR LR, BEethE. rHEAXWT:

w="1"0 100%
m
rh woONRER AR, % m NGRS TR
H, g m NRRNSERERSRE, g m ARTHRR
MAJEE, go

2 GFR5STH

2.1 TELMEHIRIESH ST
2.1.1  HKep) oM

AN TRVFE K G T B 28 A AR & A ] i 36 &5 SR an € 3
B, SRR 1:2.5 B, FESPGEREUK 75, R
WHEH ;s MFRKEL A 1:5 B, 4 BPAS [F) 358 AR RE ff il 52 45
) RSD /4 4.9%~10.0%, MFrEIE (83.2%~115.8%)
TEA FYERE 80%~120% 2 [0], I & &5 5K 00k % & i4f
WERAE = SREKEL N 110 IF, BREES: 1 46, RSD ¥k
T 10.0%, Bk, HinbrERE DK (36.3%~
72.2%) Bt (137.3%) . B, eI e B ER
F B D B EERE K EE R 125,

*®3  ANEHEKEE T EYZEREAE IR E Y0 3

Table 3 Spiked recovery tests on manure samples at different sample-to-water ratios

1:2.5 1:5 1:10
: %
Ffdh Samples A= & Total salt/% RSD/% Relcﬁ(l)qui/(y A= & Total salt/% RSD/% [FIYZ Recovery/% 4A=#i & Total salt/% RSD/% [FIYZ Recovery/%
0
1 FE PRI IOK 7, TR R 1.27+0.06 49 105.2+12.1 1.2940.11 8.7 72.2+12.8
2 0.40+0.02 5.0 55.044.7 0.48+0.03 5.6 83.245.3 0.79+0.12 15.0 36.3£13.6
3 1.310.04 28 69.4+7.4 1.16£0.09 8.1 115.8+4.4 1.21£0.13 10.3 137.3£30.4
4 RE S RE IR UK 2y, TEIR B 0.52+0.05 10.0 84.342.7 0.43+0.09 20.2 68.2+15.0

e BEAL 1L 2 AR (R [ 7 B SRR A, REA 3. 4 XD RUSAL 3R I ST AR BESERE . RSD St SIRE/K EL TR 4 35 8 (KA X b v e 2
Note: Samples 1 and 2 were solid-liquid separation manure and digestate from a large-scale pig farm, and samples 3 and 4 were fresh manure, and fermented manure from a
large-scale dairy farm, respectively. RSD was the relative standard deviation of total salt at the corresponding sample-to-water ratio.

L AR AT BRI AR, RAFEK
b 1:2.5, BEEPRSEK B INGE D SR SR T 48K
55, AFITF G Sk Ft g e, HIRIERE IR B
IR A, MR UHER Z RSD /N T 10% A 55
AN, KoK &, MFEKE 1:5 1, RSD filfH|
WIS FETEE (RSD<10%-. AR 80%~120%)
W, BEETIR R S T AR R e A, ELURS B T RN HE A
FEUF . MFEAKHN 110 B, e 25 RS 2 T . HER S
ANBET LM B B I SR . I U SR Rk
TR LE 1:10 R E LRI . 38, FERERS (T
F, WE AR S BN 4.9~27.5 ghkg; LIZEPY %
1:10 CRREARFLL ) FE/K BRI E XS 26 i i 5 RN
(54.5+0.80) mS/cm, FE/K LIRS AT 1:5 K
— 3, ARG RN IR MR RN S L F . BT 2R
SRRV SR MIR B AT T AE K LR, TR E A AT bR
HEHRRER G RPN E, AW 7ML
PATHIBUATARAE, S PRik B0 A 70 b 2 Hh 3 e B K Lol 75
gh A BRI 78 2105 BERRIRN S W FAAL R 5

HATE NAC e th BRT F R, X T & & S a L%
LEMAR R SRR PR (AR5 EHEEIEM
5% BAEREIE, ZRA 1:5 FoKHFEE iR 22,
X 4P 08 S R 5 25 B 7K BA 105 R LIRSS
M5E 1:5 X FOKR AT LB FHRME KT 8 mS/em.
PR AIEK 125 ORELL) e & &3 H i 5 5%
FHRIR R W], A FE M AL 2.0~2.5 mS/em, KT H &
X, B R 1S FKEIE T 4 FhE HLE
FWFOKEE S S BEH RPN I FIE R,
3. TFIRE, GEALRISER 2 RA 1:5 K R HoR I E 3%
HGR, DL EIRIER A1 1:5 FEKHLE138 5 AR 0t 5 45 R
—H, HEPIE T 105 FEAK RN E £ B AT SR
HECHABRE AR L], 1:5 BEK LEBIFERE S AL BRI R rh E
Bt U1 R A 5 K TR R I S S AR SR ROR - 78
SRR it rh K Pk R 2 AN BT, A4S R R 5 AN
BRI SR, SEBREE I ) R AR AN R
FRA it R AL ABIE 7 5 SR 08 T AR K LR st DLIK 3]
AR R EE R
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PEEURE S 75 JE A B 2R AR K (B R) Sl
KD, 3% PR D 4 A ) AR A Bl DA B 2 K v v i
AR, AR RO BRI kR B AN R 1)V
g, Sk RNR R R e P R S A
B AR 3 MR K EL S B, 3 A R S T S
A K L] 2 T) 4 3 5 22 5 F A /K Bl B — ks 1,
MR EE KA B FUR. R IRz LA
SR FE K B 1 22 Sk (R 2k A i 0
2.1.2 RGBEESH

ANERG S P EREHREWE 1R, £H—k
G A F R S AE 100 r/min 4 5B EUC, Bh 354y
WE e M 100 BN 150 /min, 43k & 8 &7
& (P<<0.05), 150 F1 200 r/min I} 4> 3 & % # &
(P>0.05), IEEF 150~200 r/min 4= 2h & F2EE 2.33%~
2.44%, IKIEMER BRI T HEBIRG SRETE,
W2 R % AN 150 r/min. 78 [ — % 3% 58 T 48 % i 18]
TREES, AUFCRHE AR S 25 16 #45
F K AR S BRI E: NY/T 1121.16-2006) U8 AN
(FRMR LKA PE SR 00 Fr: LY/T 1251-1999) 71 3@ H
# 3 min =¥ E A,

35¢ PRGIHR
Oscillation frequency/(r-min’")
301 B 100 [ 150 Y 200
X ab a a ab 2 e
S 25F de ab bed ab bede abc
E N N
Z 20}
=}
= 1SH
4E
& LOf
0.5 H
0 1 1 1 1
1 3 5 7

3% i 7] Oscillation time/min

i ARNEFERREREE (P<0.05), T,
Note: Different lowercase letters indicate significant differences (P<0.05), the
same below.

B 1 &kH5ETFELLETMNTLERGT A
Fig.1 Effect of oscillation parameters on results of total
salt in cattle manure

e 9 X RIS AT 1) 4 Eh 0N 2.38%, SR A
100 t/min. PR [A] 1~7 min Z 57 2% (P<<0.05), i
EHR% A 150~200 r/min. P& 8] 1~7 min Jg & 3%
Z5E (P>0.05), FULHHE IR HR 150 v/min. k¥
] 3 min A AR 3R EEIER M & 5 S48 . IRY
Z H b F AL I 5 25 SR 6 AR v W ZE RSD 1E 2.1%~
7.2%, BRMEHIR DN, R BERY 2 150 t/min ik
¥ 3 min ] {RAERIOAE 00 B, LI IR SR 5 1 #h 58
WKk, [FIRER S (RERESSE) Mg (BERES
2 RNIRIR RS,

KONG 2528 53516 10 g Frif RS 28, sE3e, £
FAFEZE 5 100mL Z280K (1:10 AL JBA/ELL 1801/min
PR 30 min, WA HFRERKB/NA: B, Fi& F
Z6. g2, HARGIRAN X m T A 7T, IR
KA 1:5 oK b & 8582 ATl RSD /M T 10%,

HAR%ZH0N 180 t/min. 3 min, IRF IR & T A0 5%
FI# 150 t/min; W3R E 0 KRR 1:5 R R
HY 30 min 52 i it 118 5 Eh 8 A 0.31~8.16 g/kg, H
PR35 I 18] /5 T A 0 R A 1 3 mins 38 Bl IR 50 R AN
A4 32 2 B0 J5 DR ] e A U A B 2L ot Je L5 &
SRR 22 R AT 2 2
2.1.3 EZRF XM

FENRFEHOR B LAAS R B 0 S B AT 50, Hk
B NAR, HIZ R f e & w5 5, @it
TE VR SR A A 2O S BN TS R A B T R DO HEf
AT S HNAL . AEE LS ECT 2R HBUR H A
FEUNE 2 o, Bl B8 0 A 3 (10 388 Jom A 0o B T] (1) 22 K
T, BERHEEZRHEE, F—E0%E T, 4~6min
P ek PR o O B ) ZE K 25 BRI (P<<0.05), {HIEK 2
8 min J5 M E AR E . [H— B LA ER, ¥TE 4 000 r/min
INF V75 VRURE B IG. 7 000 r/min I} V5 T e, T REBE 5 0
BESE BN 2 3 PG (P<<0.05) . BONE). i 52
VR R A A S B AR DG (P<<0.01), BB ] Rl A%
(A8 H RN SR Rt B AR B 52 m (P<<0.01) .

1600 - B

1 1 “min~!
1400} Centrifugation rate/(r-min™")

I 4000 [ 5000

o 1200¢ £ 6000 B2 7000
% 1000 |-

% 800 [

i 600 : .

E 400 H &

QRS

200 H

0%
K

20 ] Centrifugation time/min

B2 AR &SHAKTRERRELMNL
Fig.2 Changes in turbidity of leachate under different
centrifugation parameters

A — BB T, B 4 min, HoAt 5500 5 1] B 6 5
g, ERELEEER (P>0.05), XEMWERKHE
15 4 000 r/min I, R HBA CEAR LR, KIEHEED
FEARE R (K 3), LI ZEARE W T RE AR B 1
AR, it A SRR fE X e E TR
Wi, 4~8min I [ B O REIEL, DEHoHE, £
shE BT E, 8 110 min If & BT ZERE (P>0.05),
KW 8min iRt EBE TRE (1.95%~2.01%), Ki#F
PEEE A SEAR A e . LA L, B0 TE 4 000~
7 000 r/min. 25000 ] 8~10 min, 4 #HEHETIE.

i 8 B IR M AF 1 42 2R BN 1.95%+0.08%, S5
DFEE 4 000~7 000 r/min. 25000 8] 8~ 10 min T ) 42
HhEZERALE; MR ORI 4~6 min 48 T HEN
Brethes5EsELdashe LB EER, H4~
6 min 2.0 F5 4 F RIS W LR & T AT 4 i i 2 Hod 4k
SENE AL BB EONETME. AR,
T 5 B0 B 30 4 000 r/min. B0 [A] 8 min A2 B 0 ik
R IR B B S5
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58 24 1
O
25 Centrifugation rate/(r'min ")
I 4 000 ] 5000 £ 6 000 B 7 000
2.0 bedege ¢ ab bede, abBe fabed? T ab b,
° . 2 ]
g 15t
8
o X
=
I 1.0t 5
£ 1
AL
0.5 2
<
o
0

4 6 8 10
202 7] Centrifugation time/min

B3 BhaiFEsLINTLERGYH
Fig.3 Effect of centrifugation parameters on results of total
salt in cattle manure

OB A A e 45 R EREE A (P<0.0D),
L I D) R0 2 1) 5 00 6 4 kB R R i 2 R S UK
P (P<0.05), & OFEMERBELEEETMN. &
HOVR T BE A4 AR B P=0.002, T ULIR HIVRIMEE . B S
HEaehElEE R =48R EEEMIKTR, XalfE
T 2R AR RE S A (0 BRI B L 0 e R e R DT TE
e DA K 2 gk 8 R VS A P2 A DR 2 SR R A BT S 80 . B0
2 KM TR AL 5 S5 SR RSD E 0.3%~4.1%, A8 k3
TRZIN, B 52 F B4 3500 B ORI 18] 4 4 000 1/min. 8 min
AT LRAE R IE RS B

10 & & A0 4 2h 2 0 e SR EOR T R & i

VE VR AN B 00k, B AR T SN I .
AETHRIE G PR LR DA e - 38 9 B A5 7 T 34T KA &
FE B SR04 AR s H R k) B g
JEL DRIESMUE S B e . FERT K ) A, AR
B, LGS AT R B OV R AR IR R R . B 00 v
PRUETI . BA ST EE M, P2 B % 3
/28 JIEL 40 58 3 LA 1oy 38050 /388 ISR B ¥ 40 138 R R P12, )
R I 2520 SR ) 28 9 ) 5 /K I 1 6 B R G 45 SR
AR, B CoX R IR R REE AT [T 9 0 125 R R 440 6 A
AR BRI (A], PR ARSI . 5ELIEMLL, K
FH 5 R 08 7 v 1) £ 315 ARV H T 4 /) ] A RORL ) 3
DE NS AT DR E T R, BUM R IR S AR, FER
0.25~1.5h, {H4hJE 5 B 5 U8 AR X i 52 H I Boki 4,
Toils Uk iEs hpE ] e AR VR 6 Ulfe 4 £ &
(1) RSD N 2.5%, A&# EAT BE MR, HIkMFEe
R HECRIERL TR 2 B o i n] i B g 7 1

gil, EESFENERERN A, "TRELE=E
AR AEIR H T ORE B, HERE IR 5 I B
L (FE3E 4 000 r/min. B[] 8 min) 2 BRI K.
2.1.4 ZERBIRESM

IR 10 mL (R4 ihiEss s, R INZ 20 mL
N4 6B B K, 20~50 mL WU ()4 th B fa | A
0.50%~0.52% (K 4), FiEEHRBELFEEMN 1.1~2.2 %,

T4 TRRLBRMENERENELER

Table 4 Determination of total salt in different leachate uptake amounts

” B RO FE i Samples
Hibr Index Leachate uptake amounts/mL 1 2 3 4
10 0.99+0.18 a 1.10+£0.15 a 1.03+0.11 a 1.80+0.06 a
20 0.62+0.09 b 0.52+0.01 b 0.76+0.07 b 1.67+£0.02 b
NE Nl N l] E=N 3 +hE-
A ISR HH AR B 2 sk 30 0.39£0.06 ¢ 0.50£0.01 b 0.78+0.02 b 1.630.02 b
Total salt of different leachate uptake amount/% 40 0.3740.06 ¢ 0.52+0.05 b 0.77£0.07 b 1.65+0.02 b
50 0.37+0.03 ¢ 0.52+0.06 b 0.78+0.06 b 1.67+0.07 b
10 - - R
. - 20 - 21.0+£0.4 30.4+2.8 66.9+0.9
NG IEREERN =
B2 L VR R o kB B 30 23.543.6 30.0£0.5 47.0+1.1 97.8+1.0
Mass of salt of different leachate uptake amount/mg 40 29 8+4.9 41.943 8 617457 131.841.7
50 36.843.0 51.54£5.8 77.5£6.2 167.0+£7.3
10 18.0 14.0 10.9 3.4
AN [ H VR R PR X o A fh 222 20 14.4 2.1 9.3 13
Relative standard deviation (RSD) of different 30 15.1 1.8 2.3 1.0
leachate uptake amount/% 40 16.4 9.0 9.2 1.3
50 8.2 11.3 8.0 4.3

i ARATHFERZERLEE (P<0.05); B 1~3 3008 TR | T3 2 B B3R, FEdh 4 AL Y037 3548

Note: Different letters indicate significant differences (P<0.05). Samples 1 to 3 were digestate 1, digestate 2 and solid-liquid separation manure from a large-scale pig farm,

and sample 4 was fresh manure from a large-scale dairy farm.

MR A FE=>0.5%, WK 20 mL, BIATARIER
G B 55 [0 B Ok I3 R T 75 I TR R v A 43 AT R
4B <0.5%, TIWEHL 30~50 mL B AR dr A4 £
23y JFEAE 20~200 mg Z J8]) .

K FH Sy L K R B TR, X
TN N 207 AR50 15 H 3K 7 M R A R AE 035~ 1.48 g/kg
IR VR B 20~50 mL,  He i H 9 H v R B A4
PSR RER 56 mikgk &P s R ER,
KR BT S ghkgs WEUIR H S0~
100 mL, 3K MR E KT 5 gke. WHUR B

S0 mL. AU, H iR A Eh I IR R R R A
REDURE S AR e b o0 & B R R A2 o
2.2 IEXRWIFIT

IERZARIE AT e ik 5 fiox, 9 MbE T A dh i
T 1.61%~2.19%, EWIAFESEKM T 2 E08a 25 .
MAERT 0.5% KM T, WRIERZESAE, BHER
W E 6 BRI R R A R A AR S R (P<<0.01),
PR35 A AN B0 T A b B B (P<0.05),
SRR R IMR O R & . IRGINEE . B
o HRFGIMZ 100 t/min F 435 & 5T HANPIFATR,
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2023 4F

150 1 200 r/min 2 8] £ F A B3 B0 0 E 8 A1 10 min
TaSELRENER, HEEST 6 min; 12 H IR
& 10 mL F2HhaE B E T HAPMIEE, 20 130 mL
2R ZERARE ., HEIBEETE. TE AT K&
AT &, DR 1 22 356 08 1 B EE S 8RR
AR 150 r/min. 0K E] 8 min, & I E 20 mL.

x5 EXREREMHZESAER
Table 5 ANOVA and range results of orthogonal test
RINBRIE ahE

e e . : %‘D‘H‘JAI‘E S mm E
SE: rgl }}ngziyszicﬂl?%n Centrifugation Leachate uptake Total
time/min amount/mL salt/%
1 100 6 10 1.66+0.05
2 100 8 30 2.024+0.01
3 100 10 20 2.00+0.01
4 150 6 30 2.01+0.02
5 150 8 20 2.16+0.02
6 150 10 10 2.024+0.03
7 200 6 20 2.04+0.10
8 200 8 10 1.95+0.04
9 200 10 30 2.15+0.05
K1 1.90 1.91 1.88 -
K2 2.06 2.04 2.07 -
K3 2.05 2.06 2.06 -
&=
Range 0.16 0.15 0.19 -
F 491 3.64 7.79 -
P 0.02 0.04 <0.01 -

2.3 hnEREIYGRIE

6 Fl AN [F] 28 AU 1 & & ZAERE O 1 6 VR 5 45 SR Y
RSD 7F 3.7%~13.8%, MMFRELE 0.2~1.0 g P FEILFE
il IR AU ZRAE 89.0%~106.1%, 2 B J5 v2= 1) vHE A
i 55 T RS 09 B R PR 4 Eh B S0 A B T R
HIESR (£ 6).

*6 TEHEHMREYILIEER
Table 6 Results of spiked recovery test for different samples

E —— N
I L R e
Samples ackground total o Spiked Recovery/%
salt/% amounts/g
1 0.57+0.08 13.8 0.2 98.2+9.7
2 0.78+0.08 9.9 1.0 104.8+5.2
3 0.30+0.03 8.8 0.2 89.0+4.4
4 1.46+0.10 6.8 1.0 106.1+4.3
5 0.98+0.04 3.7 0.5 104.4+7.0
6 1.09+0.07 6.6 0.5 102.5+7.4

: FESh 1~3 3R RUEAE A BT . B B SEPE AT, FER 4~6
%ﬁﬂﬁ%ﬂ%%%ﬁlﬁiﬂ’]é@ W53 S SERE AT A IE 35 ;. RSD DA BEFE i ot
LA ZE, N

Note: Samples 1 to 3 were fresh manure, solid-liquid separated manure and
digestate from a large-scale pig farm, and samples 4 to 6 were fresh manure, solid-
liquid separated and fermented manure from a large-scale dairy farm, respectively.
RSD was the relative standard deviation of total salt in the corresponding sample,
the same below.

KB B R AR ENFIIMERN 0.86%+0.38%,
W E AT 0.28%~1.60% 2 [i], {H[R—& &ML LA
FE&ZEPAFREEREF 2R EEREE (P<0.5),
X RA & 8 F DRk HR AN I A [R) Fb RN B0 O a8 71 »
ZEEMRRE ARSNGB B F/E, UAE
B IR RN SR T ) 22 e W] SR SRR £
FREAAAERIT, 6 FARFERAN B BRET 2R
BE (0.30%~1.46%), MIEL: R 5O AL RIS 73433
AL (0.18%~2.75%), Kk, ML FR5H & & AL

A FH I B S S B i P S AR 3 vk AR ER s A
(I 5
2.4 FERI

UL AR AGH E R B | R e SR E R RN E S
., BPEEKLEE 1:50 #R¥%Z%X 150 t/min A1 3 min. &05
#4000 r/min A1 8 min. & HERHE 20 mL (43hE=
0.5%) B{ 30~50mL (£ #h&E<0.5%) It 3 KL=
K R VE S A AN R 2R B & SRR b A b R e
BT TIRAERES (R 7)), SREWH, ARLKERH
P AR A5 21 1 5 A W e S 500 7 & & A0 A 4 Eh 5
EHERTLRENZESR: YoeMEaEIEANTEER

0.80%~2.12% B}, =256 % 8] RSD 73 54 2.0%. 6.2%-
0.9%- 2.1%-. 7.6% F1 2.7%, Z&ZME/NT 10%, A4
UERIE RS R

=7 ARBENELE=ENENEESE
Table 7 Total salt in different validation labs
AN S5 == e A Eh

il Samples Total salt determined by different labs/% RSD/%
1 2 3
1 1.86+0.09 1.83+0.04 1.79+0.02 2.0
2 0.96+0.09 1.09+0.08 1.01+0.04 6.2
3 0.81+0.06 0.81+0.01 0.80+0.06 0.9
4 2.03+0.05 2.12+0.02 2.05+0.02 2.1
5 0.98+0.04 0.86+0.04 0.98+0.07 7.6
6 1.09+0.07 1.07+0.02 1.13+0.05 2.7
gr b, SR EEERNE B &N 4 3 B A ORIETT
VRN FE () [R] B ] DA i KAt A A I ke 158 Ak

Ao BETARNEEEGENIASE, 7T CLHER ] % 3%
JER R H B AR AR S AT Tl SR L AT ORI 2 A
] 2 AL BRI 18], R R — P A S R
ARG X T UL & [ A 365 v R i i S 3L, E
VAR DLy A s B R 4R O AT A T BRI

3 & 1

D MRAREEEN SRS RES LN 0~3% MES
FERHAT 2 EN R, RS 32 ENE R ESH
NEEKE 1:5. JR% S8 150 t/min A1 3 min. 0S5
4 000 r/min A1 8 min. ¥ HIEW L& 20 mL (£ #h&E =
0.5%) BY 30~50 mL (4=#hH#<0.5%) .

2) RHEEEERESEFRA T IEA R
BEEEME RS E, MR ZEE 3.7%~ 13.8%-
HnAw B RAE 89.0%~ 106.1%, RS i /& S22 43 # i
B E K.

3) gL T EBRNEE EETESERNITE,
1% 7 VR0 T8 NG B BE AR B vy SEF PR, W ORI E A
W5E o
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Determination of the total salt content of livestock and poultry manure
using gravimetric method

SONG Jianchao!, WANG Ling?, TAO Xiuping'*¥, LIU Zhuangzhuang?, LIU Chongtao', LI Yangyang®
(1. Institute of Urban Agriculture, Chinese Academy of Agricultural Sciences, Chengdu 610213, China; 2. Key Laboratory of Energy

Conservation and Waste Management in Agricultural Structures, Ministry of Agriculture and Rural Affairs, Institute of Environment and

Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: Livestock and poultry manure is often used as organic fertilizer in the farmland surrounding large-scale farms, which
is an effective method for recycling manure in agricultural settings. However, the salt content of livestock and poultry manure
has not received sufficient attention in terms of the risk of salinization of agricultural land. Before applying livestock and
poultry manure to fields, it is crucial to determine its total salt content or water-soluble salt content for salt analysis and
management of saline-alkaline land. Unfortunately, there is a lack of standards and methods for determining the total salt
content of livestock manure both domestically and internationally. Given the absence of standardized detection methods, the
non-uniformity of determination methods, and the loss of potential salt residue, we conducted experimental research by
gravimetric method. This study aimed to determine the total salt content in livestock and poultry manure and validate the
feasibility, with the goal of providing a more accurate and reliable means of assessing the quality of livestock and poultry
manure for agricultural production. Firstly, we conducted a completely randomized trial to optimize the sample-to-water ratio,
oscillation parameters, leaching method, and leachate uptake. Subsequently, an orthogonal experimental design was used to
evaluate three key parameters, including oscillation frequency, centrifugation time, and leachate uptake. Nine treatment
combinations were formed to optimize the conditions for manure leachate extraction. Finally, a spiked recovery test was
performed to assess the precision and accuracy of the method. The results indicated that the optimal conditions for determining
the total salt or water-soluble salt content in livestock manure, with solid manure as the primary source, were as follows: a ratio
of 1:5 for sample-to-water, oscillation at 150 r/min for 3 minutes, centrifugation at 4 000 r/min for 8 minutes, and leachate
uptake of 20-50 mL. Moreover, it has been demonstrated that centrifugation can effectively replace the existing air suction
filtration method for obtaining leachate. There was a significant correlation observed between the turbidity of the leachate from
livestock and poultry manure and the centrifugation parameters, as well as the results of total salt determination. Leachate
uptake volume had the greatest influence on the total salt content in the leachate from livestock and poultry manure, oscillation
frequency took the second place, and centrifugation time had the weakest effect. According to the gravimetric method, we
determined the total salt content of six different livestock manure samples under these optimized parameter conditions. The
measured results exhibited relative standard deviations (RSDs) ranging from 3.7% to 13.8% and recovery rates ranging from
89.0% to 106.1%, meeting the requirements of analytical quality control in the laboratory. The established gravimetric method
for determining the total salt content in livestock manure offers advantages such as low reagent usage, cost savings, high
accuracy and precision, and practicality. It can be applied on a large scale to test the total salt content in livestock manure,
thereby improving efficiency. This study provides a scientific foundation for the research and development a technology of salt
reduction, and contributes to the sustainable development of integrated crop-livestock agriculture.

Keywords: manure; parameters; optimization; total salt; gravimetric method



	0 引　言
	1 材料与方法
	1.1 试验材料和试剂
	1.2 重量法测定步骤
	1.3 试验设计
	1.3.1 完全随机试验设计
	1.3.2 正交试验设计
	1.3.3 加标回收试验

	1.4 数据统计与分析
	1.5 样品测定方法

	2 结果与分析
	2.1 完全随机试验参数分析
	2.1.1 样水比例分析
	2.1.2 振荡参数分析
	2.1.3 浸提方式分析
	2.1.4 浸出液吸取量分析

	2.2 正交试验设计
	2.3 加标回收试验
	2.4 验证试验

	3 结　论
	参考文献

