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Influence of Application Amount and Category of Nitrogen Fertilizer on the Arsenic Bioavailability in Soil
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Abstract: Through pot experiment, the influence of nitrogen fertilizer application including NH;HCO;, CO(NH, ), and Ca(NO;), on the avail-
ability of arsenic in red soils and arsenic uptake by Brassica chinensis was conducted. The results indicated that the plant biomass was signifi—
cantly improved due to the application of these three kinds of nitrogen fertilizer at 175 mg N-kg™, 350 mg N -kg™ added level with the in—
creased percentage of 104.5%~224.3% compared to control (CK) without N added. Under different N application treatments, the available
arsenic in soils and plant accumulation of arsenic all increased significantly at P<0.05 significant level. Under different N application treat—
ments, the available amount of arsenic in soils was 30.5~49.4 times more than that of control, and the highest amount appeared in the 350
mg N-kg™ Ca(NO;), treatment, and the least amount occurred for the 350 mg kg™ NH,HCO; treatment. The uptake amount through the har—
vest crop was 0.75~4.32 times that of control. And the relatively high amount appeared in 175 mg N -kg™ NH,HCO; and 350 mg N-kg™ Ca
(NO;), treatments. The least arsenic concentration in plant and arsenic amount obtained from the harvested crop occurred for 350 mg N -kg™
CO(NH,), treatment and 175 mg N +kg™ Ca(NOs), treatment. With the application of these three kinds of nitrogen fertilizer, transformation
from residual fraction into other four fractions like soluble arsenic and corresponding release of arsenic from soils was observed from this
study, indicating the arsenic uptake amount by crops and environmental risk increased.
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A3 39 A T8 R MM b DX A Y i S b 1, O
APAEERT N : pH 6.03 2 2.27 g-kg A2 0.48 g-
ke 4 16.21 g ke AT 41.14 g- kg™ FHE T3
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kg™ o IRIER R QIR IRHEER (T BRI 25,
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Jitn UG i R 26 A e 2R it 7 SRR, e Bt
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Tt [RI RIS S A T AR DG AR 43T o
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- ST A B R 35 [ B RO R
USEPA 3050B J7 {3146, R FH AP & A - i 1
PTG (HG-AFS ) 7 S, AR B 4y 0.01
pge L7 A RS R SR 1 mol - L 'NHLCI
i, 4 3T 25 CF R 250 (3500 & -
min™ )L PEM, R E_FIE I H HG-AFS S iE1 T ;
A St S P T A PR A& 240U 1) EPA3010A 5
21, B HNOs:HC10,=4:1 (V/V ) 47134k , 4L &
He =R TR (HG-AFS )5 i A 7144
g4t

- SRR TR A BT A 543 2 1) e,
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Table 1 The arsenic content of fertilizer used in this experiment

HE*—*W% CH(N03)2'4H20 NH,HCO;

CO(NH,), KH,PO, KCl

T it /mg kg 0.245 0.027

0.027 0 0
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Table 2 Effect of applied nitrogen fertilizer on
the biomass of Pakchoi(g-pot™)

& 3 EARRLEN HIEA S S BRI (mg-ke')
Table 3 Effect of applied nitrogen fertilizer on

the available arsenic content in the soils(mg-kg™)

P G Il b 3
"ES Sy Fr A ANIFIAEIR TR B
(175 mg N-kg" 1) (350 mg N-kg™ +) (175 mg N-kg" +) (350 mg N-keg™ 1)
CK 4.20+0.69¢ 4.20+0.69¢ CK 0.025+0.002b 0.025+0.002d
NH,HCO; 13.62+0.61a 10.62+2.00ab NHHCO; 1.235+0.372a 0.787+0.131¢
CO(NH,), 11.23+1.63b 8.59+1.21b CO(NH,), 0.905+0.107a 0.993+0.037b
Ca(NOs), 12.55+1.44ab 13.31+0.51a Ca(NO;), 1.226+0.188a 1.261+0.005a

VE: RSV B 5 2 SR 8 8, R B P<0.05 K F
ERBE. TH.

AL it IR AT A 2 B /N SR B A
i, 5 CK ANHAR L, it FH AR A5 A B /N 1S AE
T R (P<0.05) o o N 4tk 175,350 mg-
kg™ 1) NH,HCO; 2 FR/IN S84 1) 1 43 A LU AN it N
HEAR T 9.42.6.42 g+ 257", HIMG IR K ) 224.3% |
152.9% ifi N 4 175,350 mg kg™ flICO(NH, ), ZbF
3 e X IR T 7.03.4.39 g- 4, Y R A F
167.4% .104.5% ; Tfii Ca(NO;), [ 175.350 mg N -kg™
ABFRAY I T BB R R T 8.36.9.11 g 7", Hiksiis i 5]
198.8% .216.9%, 7£ 175 mg N-kg™ 1 350 mg N -kg™
PRI R A EACE T /NS Y i s IR AR P
AHEFERE K Ca(NOs),>NHHCOs> CO(NH,),, T 7E
175 mg N-kg™" jiti /KT, Ca(NO, ), Fl NHHCO, P
SPETR A AE R EAAR Y . ATLUE Y A — i KT
3 AR 25 A R o B A5 G 8 7 R 2k )
K ARRIE S FE L8, Ca(NO; ), NHHCO;,
()38 7= R R 3558 F CO(NH, ), Kb P MR 4% LAFE A
5, RENM G AEESREED AR, BARTE S
FEREE T EY R AR e i S 52 Bl g, B
S FEGUH , (HVF 2057t 2 I E B IR (R R i 7K -
L el DRI A . FEARIFSE R B KO
T AT RAUR /N SRR AR A2 B g R, HoAE
0 IR K R K R AR AR S
TR
22 RIBRAEAEX LEE RN

Ca(NO3)2\NH4HCO3 %ﬂ CO(NHz)z 3 ﬁﬁﬂe E@ﬁ@
A 252 s e - e E g AR G, i m] % 8
HA RS B A R — B R . ZAR IR A R, X
AN RN AR B R R i 3 RS e & s b 740
Bril e , A U=k 3 fis .

ﬁ@ﬁﬁ Ca(NO3)2\NH4HC03 *ﬂ CO(NHz)z 3 ﬁlﬁﬂﬂ

O A RCSR R, R E R T A AL
B IEIA R P<0.05 19 i K. B NHHCO; 403
A, Bt it S KT B3, YT S 8 A AR Y
i Bt NHHCO; BUAIG ey i A PRI - 33 5 &
I CK 25 7 1.210.0.762 mg-kg™, Ho X} B b B
Ay BTN T 48.4 451 30.5 175 ; CO(NH,), FOik & kb
FEAMR L CK #2855 T 0.880.0.968 mg-kg™, HAMlEK
UGA 35.2 50 38.7 £ 5 Ca(NOy ), ik | 5 2 A0 53 5]
o CK 45 1 1.201,1.236 mg kg™, HIG MR 53531 ik 5]
48.0 f5F1 49.4 5. W LIFE H Ca(NO;), NHHCO; 1
CO(NH,), Wit ¥R IR & T H 5 8UES R & it
HoHp, B SR NHHCO; A A A S s i o i AIK
{BATSR Fe CK AR FREE S T 30.5 4%, M Ca(NO,), &b 3
T b CK $E Rk 49.4 5.

M3 FPRNEA RS O, 0 RS T 1
A BAMS R, BRE =& ZEFELER, i,
Ca(NO;y), fm AN Y T A RS = 5, B R
T NHHCO, & AbH K CO(NH,), B it 207K
SEAREL T Ca(NOs ), A HR Y + B S & &
HBEAE T NHHCO, IR BE, {H 7K A 2
TEFTA Ab 3R, L NHHCO, i 40 B (% 3G 2l
TEAROFEAR. 55 4(0.028 mg-kg™ ) FH L, i FH
RIEAE PR A 2SR5 43 ) Lo s 3y 26.8~
43.6 fif , KKFE R T LA 30 & 2. L E ke ke
RUIE B it AN T AR CK A FA I Ji 30 5 3
Pemm T AR
2.3 RBBRZZSIT/IN B SRR 9 22

A o X 25 RS 197N 1S R T IURE 43 B A
RINBIR B , 255 A= PR A E /N S
Wi, DAL R b A TG T H o3BT A S 25 2R an 2k 4
FIE7R AR AS B At FH , X6F 70N A S i e ()R 20
BT AR . MR e bR Ca(NO;),
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Table 4 Effect of application nitrogen fertilizer on the uptake amount of arsenic by Pakchoi
5 i AL Klﬁlmiﬁi‘ii —
A% (175 mg N-kg" +) H A (350 mg N-kg™! 1)
FHH b AR AIR B /mg - kg™ CK 1.270+0.110b 1.270+0.110b
NHHCO, 2.150£0.096a 1.589+0.036a
CO(NH,), 1.296+0.091b 1.070+0.116b
Ca(NO;), 0.784+0.013c 1.523+0.081a
RERRAC A g CK 5.48+2.24c 5.48+2.24c
NH,HCO, 29.14£10.69a 16.71£2.08h
CO(NH,), 14.68+3.46b 9.59+6.08b
Ca(NO;), 9.77+1.86b 20.59+1.39a

ERALHRS T, AL IR ) 5 34 LG R AN [T EE 1Y
F R s AR (RIS X 22 A B %), TNH,HCO;
PIALFRFT Ca(NOs), 2 Ab T B A 49 il 5 2 385 o
oM, Hik P<0.05 {8 5 1E K. MR
LI& E T]EF E’(J A%ﬁﬁ , Ca ( NO, )2 NH,HCO; *ﬂ CO(NH2>2
3FPENEAIIE , ROREE S 1 /N I SERE AR 0 i 0
i, Hrp NHHCO; 7Ejiti & 243 3R 175,350 mg kg™
BT, /NS g £ 5 CK AR LL 3483 P<
0.05 {2 MK o IS TR AL 52 19 2 BT 45 2R R
NH,HCO; fI% . /5 f A BRI /I 1 S i W 8 i 537 B CK
PE T 23.659 .11.228 pe- 757", HalE A3 431.8% .
204.9% 5 bR 2 B4 | i 1 A0 PRI 4350t CK 2
9.199 4.111 wg- 7, WA F] 167.9%.750%;Ca( NO; ),
MG . Er iR I H CK 327 T 4.295 we- 7.
15.114 pg- 757, HaRAE] 78.3% .275.7% . HILAI UL,
X F CO(NH,), NHHCO; kb3 & , It T £ A4
o it B B A R R A X A A A, 1T Ca(NO; ), Ak
FRIAR S, B 5 S 20 A S0 R s i ix
FhebE2E S AT RE R 2 S EASEE | S EE 5 A
BANEMESZESA K.

R T IR ZR AL A RIE XA AR TS 52 ]
L i S N 00 B N =i W e et L R SR O
AL 5/ FISRAE R R G R, 25 R 3RTT, LU
NH,CI $2 B 3 A A58 2 it 55 /0 1 S Al AR A il
Wi (] e BEA B 3 1E AR 9 (P<0.05), FF ] FHZk ik A
y=0.015x+0.002 4 AR , Horbr, y g il i iz i o
(mg- 757", 2 A RS & & (mg-kg™) o 3X SR
RHiE =g s LR SR e N Lk iAW S Bty S L
Wi 5 0 R A e A T A s
O, /N E SR S PR SR R T i
R XSS 3 T

24 FIEARESEBAEN TIERFESRESHS
HIm

e £ 38 i A A A AR AR S R A % A
5, R T R M s Rt PR A A AR R R
3BT 7RIS 2 S IR SIS RO, AR A
R 1R

MAFIGIEAL B~ Gy i 50 (AE-As) | 5L
(Ca-As) AH7UAH(Al-As) ERTUGH (Fe—As ) K Gk A A
(0-As) Fra M HHHIE,5 FIAFIEA ML 0-As
Sriim, R Y 73.2%~78.4% ; H
W& Fe—As, i B & &1 17.6%~22.7% , F1 IR &
Ca—As Fl Al-As; & B IR A & AE-As, {5 S
0.06%~0.2% . #5456 LA 170 Ai v 2R HE
T : 0—As>Fe—As>Ca—-As>Al-As>AE-As, % 5 FidifE
A, LG i T & F BRI

A AR RN TR, 5% ATt A FL 4, BR
O-As 7 35976 AN [FIREFE (W RFARAN , Hofth 4 Fp R 2
(AE-As Al-As Fe—As Ca—As) & =G AN A FEE
P4 R, 10 B U Bt AR A AR A K R TRl s,
A AN F R Gtk . Ho, B S
AE-As £ B H41E 20%~132% , L) Ca(NO,), fIk & 4b 3
() i , W i T HA AR L, SX AT B Ca(NO;),
1)t FF 5 B8 3 pH (BT = A [ e, 4 8 T - 4 Y
TEPEA O, MiH S AL R T R 2R 1R
TR A A, D BORE A A  AE  Ae AR t
RO N2, E&EALLI L NHHCO; 5
AL ARG s AR AR B R, A5 AU AL B
TR EEIGIE 100%~121.2%, HAJRLL Ca(NOs),
A S ey, LA NHHCO; 25 A B4 g
BN ARA 3, A5l A B A 1 Leox R i 3
o, R 10.7%~19.2% , it FH 280 I8 1 S 2 184

i
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Different letter among a, b, ¢ means significant difference at P<0.05, and same letter means no significant difference
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Figure 1 Change of arsenic form in soils under different nitrogen application
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NHHCO; 5 it Ak 35 1 5 v 78 3 i AH XT3 1, A2 AL
JEf/ N o BRI A B i MREAR R ]+ 2 i akis S
Tt Ak kg oA, 4 FhOR S OB A A I, X A
ST A NHHCO; 1% A3 /I 1 S ik i i
aiE AR B AR IEAIEIELIT, 1
Brha SRR A TR AR, HEERAE R
W O-As 1] AE—As Al-As Fe—As Ca—As X 4 ff
TEASM A, (75 55 b (RIS Y S AE Y AT R ]
AR I

3 itig
TE A MRR RS T, W% SR T
Wi B EEEE RN i, S

GIRM YA R ARV REE S5 Ak A
A S S AT BT PERE B T B RRCIR DL BIRZH 2y K
pH JELE | ”fLﬂ:iIJ?EE{‘z BT o IR I R A
SN G RA T R B E R, [RRE A AL Ak
BRI T Lﬁl%)‘f"ﬁ’ilfcﬂﬁlﬁ, FHEEE
e L3 BRI A AT RE 2 32 B i fe R
RUEHEA L5, B el 1 3 pH, T2
TIEEGRATENE . YA R NHG AT NOs I, AR 2
IR -, Wl NHE-N IS5 1R H) 0, i&
SRR R BRI AL , W NOs =N, A4 43 W OH -, 3 Al
HRPRBHAL AR AR B A A BRI lemi il $h 05 22
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BECPE IR DX B (R AT o AR BA it S O BIF T 45 2 it
FHEER AR R A AL FE pH (34 0 A0 T X B 058 &%
RUEALFR Y 135 pH (B = AR Ry i 2 B < E AL B <
fe e R R < PR R <A IR, MR F 2 S5 oY R,
B A AN REREARAR PR - 8 1% pH, 32 S AR PR 138 b iy
FEL R, fEdE FORXTE AR R, P2k 4%
(VBT 5 124, KR AT A 00 A A i v R R ATR AR, T LA
R = W o SO N 27 = W 3 E s @ S o
pH {E /1 = AR HEF K8 : Ca(NO;),> NHHCO;>
CO(NH,)>(NH, )80, FEABFE o, FE/N SRR
MER B ZA T 3 pH (E, RIAR BN 2L
158 pH (E AR 2 = P KB S R &R <K
JRZ <fF e NHHCOx<fIK i NHHCO< fiH Ca(NOs)<
rri Ca(NOy),, 5T AT ES RIS A58 TR LA
Ca(NO;), F1 NH,HCO; {4 PR pH A w5 , M K
FACFRY pH E AR, S5 A0 1 498 Hh oA R0 5 AR
PR —S T As ERE SRR, IRIEFA A H)
TR IR, Bl L pH (ER T R, et g
it () R R, SR B A R i, X
Yang S5 IAALARAY pH AT K B2 RE A Y £ 4
BRSSP X/ NRESE (AT 5T, Bl PR R
Jita T 3, S B9 pH A T 0 [ B s 3
AP RN AT HRRE PR i =
wam, A BT, SRR AR
A B — S0 o 25 A A W 2 SR b PR AR
AW ) A 5L Ca(NOs), =5 Al NHHCO,
AR HE A 38U v T CO(NH, ), 35 A B AR Aok e e J3g
SRt i 1 e I SR i S TR A AN, 25
35 A A A B R BN [ s SO 4 W i
FE R, HE RSB IE MR, HEHE
M5, it COCNH,), JR 22 H7 A 1 R 458 XU AH X 45
%, @bt Ca(NOs), J& NHHCO B W Fl AT it FH
IR A PR I8 RS 3572658 1

AT G S B A0 PR 43 BT i Al
BB , -3 v a3 AR S A, HA e S
35 R A U Ay Ak TR A > 5 TR b >0 T > ) 1 A5,
H B NS PR A RIEA — B, 5L [FE, A RJE
BRI, AMEFEEIEPEYES &, 8
KA TAFIESMZ MM BRI, FEEIN, 5
X BEAH HE , 45 Ah B 46 s 2 e R L) I, i G
MR ARG 2 A R Af 40 A 5 TR A o
S LB BT o BACKTE, FE S BB AL BT, - g i

LA 2R A T A skt s i HARR SR e AL, &
oYyl MRS S . — ik, A skt
AR A P O, T 20 1R S BRER S L A
AR AR SRR AR R A RUA S)
Pl RTT R EEES S0 YA S BORAR SR I, A7 AT
R 1T J o A5 2R, FE AT ST v, AN TR] PR SENE Ak
BT R T R s 2t i) AU S 6 AR A, AT
SPE SRR RIS AR Ay ] R SRR S R

4 g

(1 )TJ‘@H% Ca(NO3)2\NH4HCO3\CO (NHz)z 3 ﬂ’/ﬁ
NEX 8w T/ Y N A RS
(P<0.05), [7i] isf 3 S5CRE AR W S 255 st 3, ey, LA
Ca(NO;), EAC TR K NHHCO, & AP s i,
bifi 25 6 LS B B 0, Ca(NO, ), Zb B R 4= E45 350 11
by b PSR ) e e X I it R ) A0 T
NHHCO;,CO(NH, ), ZbHUNAH ) .

(2)75 9 T IE b 25 SIE A0 & =Ty 0-As>
Fe—As>Ca—As>Al-As>AE-As, [T O-As fif 5 Ho ol
A, Fe—As IRZ , FRIIE Ca—As, T S 1 A8 T 5 1
Blise/ N Wi 3 FARIESRNLE , K4 T ek
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