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Abstract: Enzymatic hydrolysis is a powerful tool to study the speciation and bioavailability of
sediment organic phosphorus ( P) . However the effects of the sample treatment on the enzymatic
hydrolysis need to be fully understood. In order to investigate the optimal condition for enzymatic
hydrolysis the surface sediments of Swan Lake were collected to study the effects of sample
preparation procedures including sample pretreatment extraction solution extraction time and
ratio of sample to extraction efficiency on enzymatic hydrolysis. The results showed that air-drying
caused the hydrolysis of diester-P in sediments. Freeze drying preserved the characteristics of organic

phosphorus and is recommended for the study of organic phosphorus in sediments. Although the
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recovery of P was significantly increased by HCl pre-extraction there is also a risk of diester-P

hydrolysis at the same time. As a result one step extraction of NaOH/EDTA is recommended for
enzymatic hydrolysis of organic phosphorus in sediment. In addition longer extraction time and
higher extraction ratio ( S ( sediment) /V ( volume)) tend to increased the risk of diester-P
hydrolysis although they increased the recovery of P from sediment. Our results suggest that diester-P
in sediment is extremely unstable and vulnerable to extraction conditions. Thus it deserves special
caution with sample analysis and data interpretation. In conclusion the freeze dried sediments were

extracted with 0.25 mol*L™' NaOH+50 mmol*L.”"' EDTA at 8 h and sediment/solution ratio of 1:30

which were recommended for enzymatic hydrolysis of organic phosphorus in sediments.

Keywords: sediment phosphatase organic phosphorus extraction conditions.
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1 mol+L™" HCI 2h 0.25 mol* L™ NaOH + 50 mmol+L™" EDTA . 8h
1:30; (2) 0.25 mol*L™" NaOH + 50 mmol+L ™' EDTA
1:30 2.4.8.16 h; ( 3) :
1:8.1:30  1:100 8 h 0.25 mol*L™' NaOH +
50 mmol*L™" EDTA . 0.45 um 1.3
( Monoester-P) ( Dieste-P) . ( Phytic-P) . ™ IP
TP (EOP) TP 1P
1
Table 1 General characteristics of surface sediments in Swan Lake
H TP/ op/ TN/ Fe/ Al/ Ca/ Zn/
Sample  Organic : (mgekg™)  (mgekg™)  (goke™)  (mgekg™)  (mgeke™)  (gkg™)  (mgekg™)
A 5.2% 8.0 516.0 140.4 2.7 1981.8 706.1 8.9 103.2
B 10.3% 8.2 772.4 203.4 2.4 1125.7 292.7 17.7 98.5
1.3
Sigma ( Alkaline Phosphatase APase) ( 28 Usmg™') .
( Phosphodiesterase PDEase) ( 0.02 Usmg™") ( Phytase) ( 0.03 Usmg™') 3
1 UsmL™ .0.02 UemL™! 0.06 UsmL™ 3
pH 2.
2
Table 2 Combination of phosphatases
Enzyme solution Buffer solution el tenll—:)};i::l}:;oc Enzyme hydrolysis phosphorus
APase Tris-HCI 9.0 37 +
APase+PDEase Tris-HCI 9.0 37 + +
APase+PDEase+Phytase Tris-HCI 7.0 37 + + +
5 mL 25 mL 0.5 mL ( 2.
0.05 mL MgClL,( 0.002 mol*L™") ,0.05 mL 0.1 mol*L™"  NaN, * .
( 2 16 h
1.4
SPSS 19.0  Excel 2007
2 ( Results and discussion)
2.1
3 ( N ) 3 3

23
24

28%—29%  9%—10%.
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Table 3 Influence of pretreatment methods on organic phosphorus
Mon()ester:P/ Dieste—P]/ Phyti(:—Pl/ EOP/ l oP/
Sample Treatment ((v/jlgo'kagog) ((‘;]i.fklig()fz) ((f;on go;k};gOP)’) E :/:g; gopi (meeke™)

34.6+4.0( 39) a 7321.5(8) a 1.2£0.9( 1) a 88.7+1.0( 72) b 124.4+16.5a

A 32.1+4.4 (46)a  26.9+0.2(38) b 3.740.4(5) b 70.1+4.8( 58) a 119.9+6.3a
39.5+0.9( 29) a 25.6+1.4(39) b 2.2+0.1(2) a 88.8+4.4( 63) b 140.4+17.7a
33.3+0.6( 52) a 8.8+0.2( 14) a 7.8+2.0(12) a 63.6+2.6(37) b 173.5+10.4a

B 31.3+2.5(55) a 15.120.2(27) b 8.8+1.2( 16) a 56.4+0.34( 33) a 171.6=11.8a
39.3+0.7(55) b 12.7+0.9( 18) b 5.5:0.2(8) a 71.7+¢2.42(35) ¢ 203.4=17.7b

P<0.05 n
=3.

Note: Average and standard deviation are shown in the table. The number in brackets is the percentage of EOP or OP.Different letters in the

same column indicate the significance at P < 0.05 n=3.As same are herein.

2.2
4 4 HCI
34.1—51.4 mgekg ™. HCI
. HCI
2 HCI Fe. Al. Ca
2
4
Table 4 Influence of extraction methods on organic phosphorus
Monoester-P / Dieste-P/ PhyticP EOP/
Sunple Extction mth ool oo (aeon (oo
A HCI /NaOH/EDTA 45.9+1.8(37) ** 14.2+1.2( 12) ** 6.1+0.5(5) ** 122.9+3.5( 88) **
NaOH/EDTA 39.5:£0.9( 44) 25.6=1.4( 29) 2.2+0.1(2) 88.8:+4.4( 63)
5 HCl /NaOH/EDTA 57.9+0.1( 47) ** 3.3£0.6( 3) ** 11.6£1.0( 9) ** 123.1£5.1( 61) **
NaOH/EDTA 39.3+0.7( 55) 12.7+0.9( 18) 5.540.2( 8) 71.7+2.4( 35)
HCl Monoester-P



3 639
16%—47% PhyticP 110%—177% DiesterP 45%—74%.
Diester-P .Bowman
. . o Anderson DNA RNA
SR HCl
= HCI MonoesterP  PhyticP
Diester-P NaOH/EDTA
2.3
5
2h 16 h 50%—63%
8—16 h.
: Monoester-P  Diester-P 2h 8h 32%—57T%  25%—55% 8h 16h
24%—29%  30%—35%. MonoesterP  Diester-P
"7 PhyticP 2h 16 h Phytic-P 67%—69%.
PhyticP
8 h
5
Table 5 Influence of extraction time on organic phosphorus
Monoester-P / Dieste-P/ PhyticP/ EOP/
wle pmioninert (R (R e (o
2 29.9:+£0.3( 45) ab 16.5+1.5( 25) a 6.120.7( 9) ¢ 67.0+3.4( 48) a
\ 4 32.7+2.5(43) b 20.4+0.1(27) b 4.7+0.4(6) b 76.1+0.4( 54) b
8 39.5+0.9( 44) ¢ 25.6+1.4(29) ¢ 2.241.4(2) a 88.8+4.4( 63) ¢
16 27.9+2.5(28) a 17.940.1( 18) a 2.0£0.8(2) a 100.6+5.2( 72) d
2 25.1+0.2( 45) a 10.1£0.7( 18) b 16.0+0.9( 29) ¢ 55.7+2.7(27) a
4 31.36+2.8(50) b 11.2£0.7(18) b 9.5£0.7(15) b 62.3+2.2(31) b
B 8 39.3+0.7( 55) ¢ 12.740.9( 18) ¢ 5.5+0.2(8) b 71.7+2.4(35) ¢
16 29.85.6( 33) ab 8.3x0.4(9) a 4.9:0.5(5) a 91.0£2.7(45) d
2.4
3 6 6
. 1:100
1:30  1:10 1.5—2.4 2.5—4.2
93% : Monoester-P 1:30 1:10
1.1—1.9 2.9—9.5 Phytic-P 1—10 Diester-P
1:30  1:100 DiesterP 98% . DiesterP
Diester-P
12
Monoester-P . PhyticP Diester-P
1:30
2.5
2015 12 \
1:30 0.25 mol *.L.”' NaOH + 50 mmol *L.”" EDTA 8 h
7 ) oP 140.2—268.8 mg-kg™' 191.2 mgekg™

> >

.EOP

46%—60% Monoester-P . Diester-P «
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PhyticP 5.6—23.8 mgekg ' 11.5-30.9 mg*kg'.6.2—49.0 mg kg™
14.8 mgekg'.21.1 mgekg'.25.4 mg-kg .

OP  25%—47%( OP  35%)
6
Table 6 Effect of extraction ratio on organic phosphorus
MonoesterP / Dieste-P/ PhyticP/ EOP/
Sample Extraction ratio ((Wr:g().fklf(;ll))) ((r;: i}kS(;llg) ((O/I:g().fklf(;llz) E ;golr(%ll;
1:10 21.1£2.3(41) a 26.0+0.6( 51) b 0.1£0.4( 0) a 50.8+1.8( 36) a
A 1:30 39.5:0.9( 44) b 25.6+1.4(29) b 2.2:0.5(2) a 88.8+4.4(63) b
1:100 83.1:2.9( 64) 0.6:0.4( 0) a 24.8:2.2(19) b 130.3£0.7( 93)
1:10 11.1£0.5(27) a 16.1+0.8( 40) 1.820.4(4) a 40.6£2.0(20) a
B 1:30 39.3+0.7( 55) b 12.7£0.9( 18) b 5.5:0.4(8) b 71.742.4(35) b
1:100 116.7+4.2( 68) 0.3£0.3(0) a 10.8+0.5( 6) ¢ 170.5+8.1( 84) ¢
7

Table 7 The concentration of organic phosphorus from enzymatic hydrolysis of surface sediments in Swan Lake

Monoester-P / Dieste—/ PhyticP/ EOP/

oP/
Samole (mgekg™) (mgekg™) (mgekg™") (mgekg™) (mgeke™)
P (% of EOP) (% of EOP) P (% of EOP) (% of OP) g8
5.6+0.8( 4) 11.5+6.4( 9) 49.0+5.2( 39) 124.6+3.6( 46) 268.8+10.3
23.8+4.9( 30) 30.9+4.6( 38) 22.4+5.8( 28) 80.6+7.0( 49) 164.5+6.5
14.9+4.4( 18) 23.9+2.9( 28) 6.2+1.5(7) 84.7+0.2( 60) 140.2+10.6
3 ( Conclusions)
1:30 0.25 mol * "' NaOH +
50 mmol *L.”" EDTA 8h
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