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Optimization approach of pretreatment methods for phosphate oxygen isotopic analysis
in freshwater”
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Abstract: Phosphorus (P) is one of the key nutrients in surface water, and plays a vital role in the material cycle and energy flow
in aquatic ecosystems. Hence, it is of great significance to explore the source, transformation, and fate in water body for under-
standing its evolution process and scientific protection of water environment. Recently, phosphate oxygen isotope technology
(8"0,) has been gradually applied in tracing the P source and studying the biogeochemical cycle in freshwater environment,
which most used the sample pretreatment of seawater methods. By contrast, the concentrations of PO3 in freshwater samples are u-
sually low, whereas the contents of organic matter and interference ions are high. The pretreatment complexity restricted the exten-
sive application of 80} analysis in freshwater ecosystems. This study examined the applicability of the existing pretreatment meth-
ods of seawater sample in surface freshwater environment, and further carried out three optimization improvements: (DWe replaced
MgCl, solution with Mg( NO; ) , solution in the MAGIC precipitation step to avoid the interference of Cl” and the impurities of
AgCl. @The solution pH value of Ag; PO, precipitation was adjusted to 8.0 to ensure the rapid and complete precipitation. @Possi-
ble photolysis effects of AgNO; and Ag; PO, were inhibited by using light avoidance. This modification improved the purity of
AgyPO,, and attained more accurate 3'8 0, results. The present method gives a valuable reference to further study of the biogeo-
chemical cycle and eco-effects of P in freshwater environment using 80, analysis.
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) R — A (KH,PO,) N K AR EE (Mg (NO, ), -6H,0) GAfLEE (MgClLy) (E & fLfh (NaOH) &
FR# (CH,COOK) ¥kfi§fg (HNO, ) \[iffi2 (CH,COOH) ¥k % /K (NH, - H,0) 30% 3K (H, 0, ) MEZ54E 4]
A 3R A BR 2 5 W S, ¥ 5 20 AT 2 L 5 B R 4R (AgNO,, 99.9% ) 3K [ Alfa Aesar 7\ &, fiFf iR 4ii
(Ce(NO;),+-6H,0,99.5% ) Mk Acros Organics 2\ R 345

AR50 mL W 204 50 mL SRR 04 (Argos Technologies) (250 ml 3 20 il L B 138 e
Pl ( Biorad AG 50W-X8,H %, 100-200 H ).

FRifiin) LG W3R B Alfa Aesar AR Ag, PO, (TRIFK alfa,99.9% ,GR) , P Fl 52 55 35 N Ag, PO, AifE
KL(8"™0,=11.3%0) F1 KH( 8" 0, =20.0%0) ,3 F = P i F HEHLH ( International Atomic Energy Agency,IAEA)
B2 E AR EY) Bt NBS127(BaSO0, , 8" 0=9.3%0) 601 ( Benzoic Acid, $" 0 =23.3%) Fl USG-32(KNO,, 3" 0=
25.7%0) .

PSS 0V W T )« AR 2 FEL M A e T1 26 L V 2R DD 5 K — 4 A Bofi 9 Al (TP ) o J3g B
BEE 3 FPRERE R BRA W, W BE 4512 0.02.,0.2 F1 0.5 mg/L, i ] KH, PO, ABAK AT K. Hob MR
0.02 mg/L fyAEALHI 50 L, #EEH 0.2 F1 0.5 mg/L A9 5 FL I 20 L.

TG KBRS R SR BTG /AN PR SEATRE S ARl 17-1 1 1722, R4 20 L, Bl B 0.45 pum
T PR 2T A D 5t D8 I , Yo A [ S0 204 T 8" O A3 M BT AR B S . 28 40T, AKAE TP R B 1.3 mg/ L, %5 figt
AV (SRP) 24y 0.8 mg/ L, gt HLEK ( DOC) e i A 5047 mg/L.

1.2 LWH %

8" 0, T HI R 5 M8 McLaughlin 773", E B HE 3 A3 W I NaOH A1 MgCl, , 8 i3 MAGIC
YUV B AV T Y SRP ; @ HNO, i L3R Mg(OH) , ULVE , JE A Ce(NO,) ;4= it CePO, ULTE , FRIR &
W, 183 Biorad AG 5S0W-X8 B IERkZ: Ce™ ; DMA AgNO, A4 i Ag, PO, TLTE, I H,0, £ A4 WL K
T

FEBCFERD b FATTI0E T I% e R A [ BE RSB Y L B35 /K AR i 1 8 O T 5 0, T4 4 32
BN R Z AL HEAT T W (B 1) O MAGIC 3R fifi ] i) MgCL, B e iy Mg(NO, ), , 38/ CI i T4k,
T A8 G AR ( AgCl) 24 BT A . @ LU ARSI pH E 504 Ag, PO, FAE BB B0, 4555 Ag, PO, A it
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Fig.1 Schematic diagram of the improved pretreatment methods for 30, analysis in freshwater samples

(The phosphorus recovery rate was determined in D)@ steps, respectively)
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BA AR SO 45 T H BT & 2 1K BRBRE S b R R ERBE A S50 80 2 AR T3 850, Ny
8.6%0~ 17.2%0, WiTH 8"°0, A7 8.4%0~ 17.1%0, HB T 7K 8" 0, 9.0%0~ 15.1%0, 157K 8" 0, K 8.4%0 ~ 18.4%, Vi %
#1 80, 13.3%0~ 18.6%0, fb 2531 820, 4 13.2%0~ 14.5%0. 8 H , RFEIKAK 8" 0, (AS L IE FEA FiAR , 15
5B A A PR ZE R R A W T Sh AR S UIAR O L R TIT MR 2K 8™ O, AH X 11, T WIIE TR S 2 A
FIE BRI, 8" O R IE. 157K 28t P 2 e 500 25 5 Bl 4 I iy A BT 3, S 0 T sh e S R, 8 0,
[ERR TR

B 9k FLR K EE T 80, R Z AT 8%0~20%0 22 (8], T LLf# ] KL/NBS127 alfa-Ag,PO,/KH & 601/USG-
32 3 XthREMI R LA HEAT 8" 0, M ML TE , At nT LA k4 F NBS127 601 Fil USG-32 AT A% (1K 2) 3% 3
FivbrvfE H AT 22 P FEREERE R 9 57S 87 C.8 N 407
2.2 IR KRBT
2.2.1 sty B R AN L T R Wi A R AL BE 7 Bk O ARE S & AL TR I R 25 5 (R 1) . 45 Rk,
7E MAGIC FI CePO, 1H 25 BRI [T U 3245 155 , 17 B8 F sS4 G A5 SR AIG , BN i Ag, PO, B IM1ie R oy
57.0% ~86.4% , 3X J2: K A FEAN IR 43 B 4 At i — 0 40 WiV B TR R IBAE L. B S B IA TBER B 1 T,
IS T = O R =Y 7 A = e R NS0 1l o2 N 2 N <P 1 Ny PR (E RO K 397 -4 £
= SN R R s R N 3 NTEL T i AL R 5 NP 1 0 8793 R I AN TR G = T P SN
FORESHEAT 22 T MAGIC 15 4, I B A AT Biorad AG SOW-X8 At i A i It Ack B, LA 1 4 1 Il fig o171
{EAEEEAE, 4 Mg(NO,) ,#E4T MAGIC YT 555G MgCL, AbBRAT R [ i A 52 M E AR K.
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Tab.1 The phosphorus recovery rate in each step of the 30, pretreatment methods

VI SRP e/ MAGIC BB MAGIC B8 CePOBHE B TAcHbiie  AgPO, B

AR (me/L) B T Il %/ % I /% [/ % [l /%
Al 0.02 MgCl, 99.3 94.1 61.7 57.6
A2 0.02 Mg(NO; ), 99.5 93.3 61.4 57.0
Bl 0.2 MgCl, 93.8 94.7 73.2 68.5
B2 0.2 Mg(NO; ), 97.3 97.0 68.4 64.6
c1 0.5 MgCl, 99.2 98.8 72.8 71.4
2 0.5 Mg(NO; ), 99.8 97.3 68.3 76.3
1*-1 0.8 Mg(NO; ), 98.7 99.9 87.6 86.4
1*2 0.8 Mg(NO;), 99.1 99.7 82.4 84.3

2.2.2 BHUKAHE Sty 870, (8 FAIME KH,PO, K EC i) 3 FhB vk i 4 0.02.,0.2.0.5 mg/L {7 HLEA T
8" 0, FT AL RS , T Al MgCL, il Mg(NO, ), 4T MAGIC i3, T A2 S50 21 Hh I3 Wl e B A1, [
BEAE IR Ags PO DIRER D Toik dE AT Z Y. X T HAU S BRI M 22 A R R4 BHAE B Ags POLRE AT,
YIFE IRMS 1345 3 R LA _E 1% 870, L.

FIFET 3 5T, SR MgCL BT T MAGIC UE Y 3 AN W] 2 5 8 Al 7 VLR 2B WU Ag, PO, BE 130,
SEIE N 12.28%0, B 4 B KH, PO, F1 AgNO, 7 U ELHE 45 1LY Ag, PO, 8" 0, {H (13.1%0) , LI C1 4165
YA 22 8 0.7%o0. X AT REH T CURBEMIIR ZBR , i )5 A2 A Ag, PO, B A1 AgCl, i T ORI I &k ) i 22
FI AT L8077 ¥k g 01 FH 28 b (il KAe il HAc #%5 pH A% N 5.6 BO 4K ) vtk 3 7 FRATHEY
Z YRV Ll , JFHT AgNO IR E R AT 5 CL

] Mg(NO, ), BE RS, Ag, POLFESL 870, 19 F-3{H ) 13.18%0, BEHENL T H] KH, PO, Fl AgNO, ¥ 1 B 4%
AU Ag, PO, 8" 0, i, I ELI R I 2 4 0.46%0 (C2 41) , FEIZALER 53 57 5 15 v e 2 (%) 46 [ 2 1
(<0.5%0) . SEHAIFRA, f F Mg (NO, ), #ft MgClL, #E47 MAGIC Bl )5, vl A &> CU T3, R K4
Ag, PO, IZEE i 8" O, 5 45 5 BT N2 T FL S (.
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WA LI Ag BT AR, 35 A Ag SRR B AR i R 2R
AT B — A AgNO, %3 AE i Ag, PO, ULTE SR, —
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T K B A Ag BT Ag IR E L S

323

Al A2 B1 B2 Cl C2
A e

P 3 A [ 5 Wl v BEASTALLVA W A ) MgCl, Al
Mg(NO, ) ,#4T MAGIC Bi3E )5 1
8" 0, BedE %t b (A1 .B1.C1 55 A2 B2,
C2 REdh IR Al 1, BZR R
KH,PO, T4 1 Ag;PO, 1) 8" 0, {#)
Fig.3 Comparison of 30, values in different
P-containing solutions by MAGIC precipitation
with MgCl, and Mg(NO,),(Al, Bl, Cl
and A2, B2 and C2 represent samples same
as Tab.1. The black dashed line indicates the
50, value of Ag,PO, through
direct synthesis with KH,PO,)

B AU ETT RS SR A, 3 i S 2

I A N K T4 5 R % 0 BT A IO Ag BT B T 10 mL vk K U i
Ag, PO, 33t 0.2 wm G5 R R ICEE U, TE 1k gl B e, IR BB A0 24 ST bl 5B, RO AT IS S5 A 2K .
IR BRI TE 50 mL B0 L 40°C I HLT, g — 25 & BUAEUK 28 & R BB D0TE 2 68 Ag, PO,. Xu
2T A R UK TR 48 S PR IA] S5 B A T S 2 /N A SE . A i e S NHLNO, T AL o
enT AREAIR Ag BT AR R2 00 , (FE F H DGR S Fh R it , BRA B pH(E A28 Tk, AP AgO T RE ST AL, F
M550 Ag, PO, AYT5 Y. B H AT AT IR E B AT, HLTE AR AR Ag, PO, ST i THRAE , 2 B i i il —
B . A2 T A SR DG IR 45 ARG T, B HaR G T Ag BT A9 A8 B LR InZe 3R k. oksh,
TBi1E AgNO, 5 Ag, PO, I, i 45 ] AgNO; BN, AN B it IR AP Ag:P IREE LU BN R
#1302
2.4 Sk
2.4.1 pH {3 Ag, PO, £ K B9 B rH A% 16 3" O, /3 Hr i RT AL B, pH {45 PEXH T Agy PO, AR LB e T B,
RIS T7 1 Ag, PO, A Y pH 25— fH 7.0~8.0"%") . Mine 22158 % W] Ag, PO, TLHEME & pH T
Rl 6, 9 7.0~ 10.0° . {ER 5885 Ag, PO, M fiefE: pH (&R 20 H RIS E. ok, AR
VGKEE B T 3 4H pH {H, 2303 pH=7.0.8.0 F19.0, 440 pH {H 2> HE 3 44752588, XF AR TR pH 4%
PR Ag, PO, YL

AL pH=9.0 BF JL-F- 1A A 1 Ag, PO, ULVE, pH {H> 7.0 A1 8.0 A ¥ W] P gt A= il Ag, PO, ULIE, 1
pH=8.0 B} ARy pH=7.0 B} 1.5~3 £5. [WIEF, M 80,45 KK E (F 5) , Bidh 1°-1 78 pH=7.0 F1 8.0 B},
8" 0, - HAE 55 15.9%0 1 15.7%0 , B 172 X 17 15.2%0 11 15.6% , T 45 B d K AR MER 2257 0.44%0 , 7] L)
FE XA pH £ T3t 8 O B 2E HE M A K.

WFFE 201, S0 pH AR T 7.0 B, Ag, PO, MELL 58 4 00E , HLE A A U0 e 5 76 R 1M 410 F s fig ™.
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Fig.4 XRD patterns of samples before and after the improvement methods
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(a; MgCl, was used for MAGIC precipitation and Cl~ was not completely removed ;

b: MAGIC precipitation was performed with Mg( NO,),, but not completely avoided light;

¢: MAGIC precipitation with Mg(NO, ), using the dark treatment; d: direct synthesis of Ag,PO,)

" 7 8 7 3 '
FRpHA
Bl 5 % pH=7.0 8.0 B AR [RIFE & 1 810, fif
Fig.5 80, values of different samples
at solutions pH = 7.0 and 8.0

4 pH (B I, 480 2 pH KT 9.0 B, il g4k i AgOH
UUUE, B R4k Ag, O SR 8™ O, 1 A M 1

ik, AT pH=8.0 7@ Ag, PO, B P e 25, X 5
Dettman 25> 8 H (0 YU ST B6 A PEIE R A

242 HHLRW =B AT RIUE Ag, PO, A ML Y 2 Bk
B, RN T 4 MR CNMITESR(EK2). K
i, Alfa A FESERY Ag, PO, 1Y C N & EEEAR, BHEA LY
Ag, PO, C N &A%, 5351k 0.564% F1 0.078%. Cl
S fdi FH MgCL, X B 0L 3 W C1 #E 4T MAGIC It 3& A i 1
Ag, PO, i FE A, 1" K48 H Mg(NO,), 47 MAGIC PiEE
B Ag, PO, , —H & C mEE, 5 HIEA BN Ag, PO, M
M Z2E L REM 17H) DOC EERFILF] 90% LU E. b4k,
C1 5 1"PABES I N & %R, R WTH, 0, %) N 1 LBk
BORA UL, Grimes 25 FIsk FHE a5 & BLZ 7

KA LR I K BRAICR AT Colman [R5 L IR I R S0 0 1 1 x5 WL Bk 25 1 885 7 38 e b i 119 2
TR, Ry, X T A LR BB (1 Tl A K 5 A 5 75 KRR i B S R B BH 4 Bk MeLaughlin
W AEBR Z Ce™ i R FIBTES TS G A AL T4 Xu %67 (8 AT XAD-2 B i 25 R A HLAD , 45 119
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Ag,PO, 1 C N &4 5 A 0.226% =0.033% Fl 0.030% + %2 Ag, PO, BES T C N it
0.006% , Xt 47 LA 1 22 B R4 . Liu 267" [ A LB BE Tab.2 C and N contents in Ag,PO, samples

At BB I A TEBEE P 5B k¥ 30 min Ji5 i 98 25 BR AT AL

I e B B T LT B B R, i Crn N
T8 ) T (S A Alfa Ag;PO, 0.018 0.014
HIEA M Ag, PO, 0.564 0.078

3 &it Cl 0.454 0.941
1 0.634 0.379

ARG X BRAT TR KRR iy 8" O, T b B 7 3% 1 Jy R

FH Mg(NO, ), 488 MgCL, #E4T MAGIC YLTE , A 2L 1% AgCl
B AR R, A ) S PR R T B Ag, PO GHRAR I, Ag BT, 4R ke S Sl . R, A0AL IR Ag, PO,
A VA pH (E R 8.0, M T IE I FRHE 58 A HEAT , AR T RESL 8 0, 23Tk SR iy AT AR k.

BFTE AR, MOty 5% 0, B FITT Mt T RTIRACRE S 8" O, R Ab 3Lt A2 77 72 MO0 R B 7™

Pk AgCl 2= T S Ag, POOBARAE A RSN, BE R 1L T B RRER 10 & 4 AL A, SUIRIE T 8" O, 43 1 i
M, P B TR KRR 80, TP 1% , A SR KA Sh ¥R K PS5 Pl (A TR B 5 A S R BERU A5
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