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ABSTRACT

Heavy metal(loid) contamination of rice is the main issue in abandoned metal mine area with regard to food
safety. A field study was conducted in mine area to see if soil amendments treatment including calcium
superphosphate, sulfur, steel slag and S-containing fertilizer could reduce As and/or Cd content in rice grain
and increase the growth of rice. The As content in brown rice reduced to 60% compared to the control only in
7.0 Mg ha™ of steel slag treatment. Cd reduction in rice was thought to be not the effect of amendments but the
result from the difference in growth and development of rice plant and this could be ascribed to low soil Cd
availability to rice plant. Compared with control, increased rice yield of cultivar Hwanggeumnuri was 1.3~2.2
and 1.5 Mg ha™ in calcium super phosphate and S-containing fertilizer treatment, respectively and the trend
was also observed in cultivar Ungwang. However, steel slag treatment reduced the Ungwang yield by 0.4~0.9
Mg ha™'. Future work will be needed to establish the agricultural measure with which secure the safety and
yield of rice simultaneously.

Keywords: Soil amendment, Arsenic, Cadmium, Rice growth, Paddy soil
Mean yield of rice and arsenic content in brown rice cultivated in soils polluted with heavy

metal(loid) after soil amendments application. Different letters indicate significant differences at p<
0.05 level from DMRT.

Application Yield Rice As
Treatment
rate Ungwang Hwanggeumnuri Ungwang Hwanggeumnuri
Mgha! = Mg ha™ mg kg!
Control - 4.1 bed 33cd 0.322 0.187
. 0.71 5.4 ab 4.6 ab 0.317 0.169
Calcium super phosphate
1.4 58a 55a 0.255 0.203
0.20 4.2 bed 3.7 bed 0.298 0.176
Sulfur
0.40 4.2 bed 3.2d 0.324 0.181
7.0 3.7cd 4.1 bed 0.193* 0.174
Steel slag
14 32d 3.8 bed 0.316 0.201
S-containing fertilizer 0.10S 4.7 abc 4.8 ab 0.274 0.169

* Asterisk indicates significant difference (p < 0.05) compared to the control value.
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Introduction

=UlollA =1 5,54470 Fat T S58ARE AF-E AR Aol 2,184707F AFAlsHH 1 % 57%0ll sid st
1,24571) FAto] 3Falig HA¥e=] 1 tiR-E]l 1,21771= Hlg<; F4to|oh (MIRECO, 2016). Foie] s wof A
20161 Oﬂ oYt wl g Ak 2317140 thgh o RIALY F EVHE H ELANE =2 797148 & AFdH 2
50%E AA)oHeh. HE, SAFEE AT 219] 2016 HIEE A 2|9 BAMEO] 4 ok ZA}
0144 o];oi %7} AR 2.5%0]] 0™ ZAFHZA 550 ha % 15 haS 2FAI5HTHNAQS, 2017).
a4t B A A SERR (0~6 km) 573 X]0]l TRt 5ol 3AM] Sa< Q@ AE] A At A
ol 9 ‘%}2351 LA EF2d-2)7]5E 27H(KRC, 2016)3H0H. S5 2 Hl4
A 243}, EGAIA Fo] glont Hlgo] wol EAY 4A7IRE, AlEst
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W} PHAso] QI S HIA0] QER A ofl Hfsl] -0l whet Rt El= ATHE vERiTE o714 Ee

Q FAIZITE (Talukder et al., 2012). EF 557}
71814 (AsO, ) E A8ol= 58 el it (POs™) H|Z 2|7 dtol] @3 717 ARG E Qo H
(Mukhopadhyay et al., 2015), Wasay et al. (2000)< $14FES o8-t @ F ECfol|A] Aot H]A0] 80%E Aot
k. HhA, QUi 571 R4 st o & FARsEL AlEA oA 22 RHHAIE Foll 55 BEE S
(Abedin et al., 2002; Tu and Ma, 2003)3te]l whet A1E S<=ofl ol Qlatdat HAYstE = QUi A= H]4o] g4+
EZ2Y % ot 18U Lee etal. (2016)2 QIAHES 3a0HH S HAY 0 = B thgh 571 F71H]4-0] /g0
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HESBA, PR 95 507 A8 S AldEal e ol A (steel)& THE7] 918l A=<l =ot3l

4, JtA A 55 AAsks 340 Wshks E4dE 4 w2 SiO,, CaO, ALLO;, Fe, S, MnO 5°]tt.
(Choi et al., 2007). Lim et al. (1999, 2000)-2 ES7NHA| 2 A ALl 15 -85 TG Ax} A|gafo] e
= WO Hx4efo] S7Iolal EY Ca, Fe A Si 35 d 0 =9] o] 8 7Fs At A ES 7 871 9125 Harsiel
o} Guet al. (2011)2 ZEARS 5ol a5 5 LEEYl izt AV 1 427t E pH 35 2 S559
AERRETE 60% AA2A7|0L ¥ S5 Al e, T1 712t B o) 54 Skl AVdel 1o] dFe = 4f
AMA, QAT Fl pAlSHE R A MRS ARG B9 Ning et al. (2016)-2 A& 1 2] 2 ESFpHR}-Ga4t
Fgo| S7oto] Sa59] 8 Lt dAghol et 2o] 714 efdo] dastal o] S7 Rl shaitt.
519 o] 83H o] H| A B4-0]8) A7t5lo]| it th4=0] ¢t Z Hu et al. (2007)-2 rhizobox = 085+ A& o)A &}
A&7} FH9] iron plaque S 7R wet vl A7 el AelE 0 24 W O] H|A F5E HAA]7]1, Fan
etal. (2013)> 0] &2 A2t REA TS Fol & A=7F B ¥ B Uf H|A 0] =10 &2 9 o] 32 4Al7]
O =X | F H| A SRS WEThL 5ol

FTHuUielA o & T O] B4 oPA ATt Phdsto] FE|A A1E-Q 5 FHI 3] (CCCF)= ] B &n]
S 7718140 FH 5187152 7SI (CAC, 2014; CAC, 2016) H]4: RFV SRS Qf9t «&o] H]4: 0§ )i
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& F7HEHA R W 5 A4 5 Ge A o] ZeE ] Jlor it g, 1P E, e T BN
FA 9 B 2AS-S Fot HlA F4 Aol et F7HAR] Aol WaAde AFStal Alrt A2 HlA Y SES F
T AHe et FeHS Dol A8t L mvtet oA 2he el vl I HESOjoF ottt =] 73
G- BlA B S QAX]of Higt $HgS], B B v Ahe EEeh A EYTNEA A8l whE 2
=45 8 S Ageh g de ARt Aol mEbd 2 Al e e s, & @%‘ﬂi g 741170‘%311

ANEZE =M S5 Ok AAH 2G4 Q10 t=of| A IAGATAS 434619 0] AAFTHZA2212.4m” (plot
?)ol et Al o] Estah g gefuiet =E o] 27 H9)et vlwdt u pH 7.7 2 oFdZe] oISl
J_,JLQL 4 2 g o] 240.37 2 28.5 cmol, kg ! 0.2 27 ¥ $1910.25~0.30 2 5.0~6.0 cmol kg™ (RDA,
2008)} H|wote] ATH 0 2 =0Tt (Table 1). EY 5 555 T2 7I=ET H| 40| F$ EF A=
ZateIRlal ofAL B G927 |5 2oyl om £5], H|A=314 mg kg 02 ELQ A7) EH T} oF 44|
EoF AL AISIIT (Table 2). A2 A= M 35HE.© = 5191 0 W dA] (14HA3], 753, A& D)
A= 5 4ol ZF A2 R A & 35 B F4E0] Sdskeint B A 717 <t A2 7 Wl 2k
HW%P] ol EXA AR S5 2490k & R A met defo|ES AR5l o™, Wl 2 &5l
SadollA EA] == 221 -Sade AAIste] 2442 Sgolelt. ¥ 252 oo 8 F 252 TAISIe
5%1210‘011 o|Jstitt. & giHlm S ALt BE Ao BAFLE 94, 8708 H AP E
N 4.5, P,05 4.5, K20 4 kg 10a™ g0 2 AJH]a}G L A A 2] 7oll= 7H4, 4551 (0.71 Mg ha'"), 7H4, ==
2(14Mgha'), 44553, 51 (0.20 Mg ha™"), 9A 75, 42 (0.40 Mg ha'!), AP &2 7L, 451 (7.0 Mg ha™")
%A L, = 2(14Mgha hE Aotk 2 = A2 fet T D AEIRIE N 4.5, P05 4.5,
K,0 4 kg 102" Sig=Fo2 AJH] (3 =F 7] 0.10 Mg S ha')3}SIT} (Table 3).
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Table 1. Chemical properties of soils from paddy field.

pH EC OM Ex. K Ex. Ca Ex. Mg Ex. Na
(1:5) dSm™ gkg! cmol. kg’
7.7 0.24 24 0.37 28.5 1.28 0.19

Table 2. Heavy metal(loid) content in paddy soils and steel slag.

Element Cd Pb Zn Cu As
Dilute HCI extractable content (mg kg™) 1.2 3.2 77 5.2 23
Total content Soil 13 146 359 42 314
(mgkg™) Steel slag 0.08 1.5 203 10.5 1.6
Soil concern/action level 4/12 200/600 300/900 150/450 25/75

Ratio of extractable/total content for soil 9.2 2.2 21.4 12.4 7.3
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Table 3. Soil amendments treatment to each plot of experimental field.

Treatment Application rate (Mg ha™)
Calcium super phosphate 1x 0.71

Calcium super phosphate 2x 1.4

Sulfur 1x 0.20

Sulfur 2x 0.40

Steel slag 1x 7.0

Steel slag 2x 14
S-containing fertilizer ' 0.10s"

"The mixture of ammonium sulfate, calcium super phosphate and potassium sulfate.
*On the basis of basal dressing.

MR EAL A A} o A48 2 4wl vl JEFS ZAks] Sistel v 817 3 A 297 (1 12
A, 5471 (09 5%) L 7571 (109 152)9] 7 51 A7Jo] 5500] wl] 27, 734, 7373, ol olbae] 2
=z

T
24Tpe AP PER 2A,

Ednt Mzseiael et A 34 §F 24 VA A UE EY F 788 saS &
H7] 95t A=) A, H2] T100Y, 1259 H 165, Z43]0] 2
+ EUSBIHEATY (NIAS, 2010)0]l et 321510 2 mm Aol A& F pH (1:5), F71& o (FH), dol
8% (INNH;OAc, pH 7.0) ¥ HC1 7F8-4 S5 Fd& A0l 555 & g w8 AR EYL
AlR715E (ME, 2010)°f w A& 19t 5713 ERS BEAAPEE 24) 0.15 mm (100 mesh) A1 E 537}
3.0 g2 I FEHE o831 Eafig th2- 0.5 N HNO; 2 8]4 5 ICP-AES (Integra XL, GBC) 2 524
A5G Ta5 & R A AEIEE A% Yol EY #1515 E4R] BAM-UL10 = o]-85to] 2l¢&
= Ao eH, EG QAT PAIR7IE (ME, 2010)E FHEoh= 2158 91~110% =4 Z7oA AaFe] S35
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S F8o1rt 248 Av] 0.4 g= microwave woll8-7]0fl @il MR 5E4HT

ml€}30% THitekrds 1 mlE 7S 14K 59t ]2t tha microwave AFE6[H] (MarsS, CEM)E 08511 A]
50 g0 & 483k o3 ICP-MS (7700e, Agilent Technologies)=

Fas g SISl #n] Al =0] Fa< 24 TPl A9 AR B HASH] flel s d A v

ol-gsto] TE4 H HIA] &S AASHA M, 298 85~115%F WEoh= w4 24N A aso] Sa5
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Results and Discussion

THEA Aol mE B =X o BL7]0) 28 52 thF-E2] Aol 65.1~70.3 cm 9= ti2+-9]
64.8 cmof| H]5l| Z715F3 Ur APFEe 1 AgollMe 22l whet 58.6~59.2 em = A4S, Fatrd] B2
HA hEF A2 (1.4 Mg ha')ollA] 64.5 cm 2 272 58.8 emo] HIal| S7 ok 73019101} 95% -2l A]

SAA Fold2 Q31T (Table 4).

Table 4. Growth characteristics comparison of rice at each stage (Different letters indicate significant differences at p<
0.05 level).

Plant heighfr (cm) Number of stems Stem leng‘[hT (cm) Number of ears®
Treatment Hwanggeum- Hwanggeum- Hwanggeum- Hwanggeum-
u 3 ; U . U . U .
ngwang nuri’ ngwang nuri ngwang nuri ngwang nuri
Control 648+27ab 588+1.6a 11.5+24bcd 11.2+2.6b 672+04abc 622+3.0e 124+0.8c 124+18¢c

Calcium super

703+2.1a 605+3.6a 14.7+1.0abc 148+1.6ab 71.5+1.7a 68.6+1.8bc 142+0.6bc 13.9+0.8 bc
phosphate 1x

Calcium super oo 5\ 4 4a 6454142 169+441a 1744332 7114132 7424322 1684232 185+15a

phosphate 2x
Sulfur 1x 65.1+25ab 59.0+19a 12.1+1.5bcd 104+£1.7b 69.2+38ab 662+1.7cd 13.6+0.8bc 13.6+1.6bc
Sulfur 2x 66.2+44a 557+4.1a 10.8+27cd 120+£1.7b 66.1+2.7bc 64.8+02de 129+34bc 12.7+09c¢

Steel slag Ix ~ 59.2+42bc 573+2.0a 10.1£2.1cd 12.6+12b 673+£22abc 66.1+13cd 12.1£12c 13.8+2.5bc
Steel slag2x  58.6+£3.8c 57.1+39a 87+£19d 11.5+£3.1b 64.6+29c 651+15cde 11.6+2.6c 14.2+4.2abc

S-containing
fertilizer

674+46a 600+1.6a 158+38ab 13.1+2.8b 694+23ab 708+19b 152+0.6ab 17.8+2.5ab

Tat maximum tillering stage, Tat ripening stage, ‘at harvest, 'Rice cultivar.

A o 2470l 54 75‘4% % B0 7% 3 F g kgl = Aol 22t 14.7~16.9 2 1582 O
Zre] 11,500 H]ol At o2 we A&kl what 2424 10.8~12.1 2 8.7~10.12 T
TS IAL At o™ ﬂ%‘%ﬂﬂ Tt A2] A 7P A7 LT (Table 4). @372 F5-2 4 A=+

oA 14.8~17.4 9|2 thz212] 11.29] H]al A2k -5 S7Fot L thE A2 ollA= tizet f-2Jgh 2}o]
£ Ho|z] ¢l

i)

HE 54710 AR A 23 E50] A9 34 Aol 71.1~71.5 cm HET2] 67.2 ool B8] 71 2

9T 20] 74917 A elego] mhE Aol GIGIEF (Table 4). 12} 8 U AVALe L Aelol A= Hejago] 2112

79tz Hla] Aol 217} 6.1 W 64.6 com 24 QA A4t Gire] B5E mE AalolA tizT

©162.2 cmol ]3] 64.8~74.2 om W12 27151900 A2 7H-0)3p7E 27 veRieh. 74 Bie Hjeler g ghg]

= A 7olH 217742 9708 em 2 o] A o= Agom, 93 B30 A9Ad 3 9 Ase L A2 A

Aejego] 24 Z7hglo] wet 3ol Z4staiet. Tt b Aalol A ajet 271 wet 68.6 cmolH 74.2 em
= Z7jert
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OI*** Eooll daglo] tixE ot FolobA -2 Al gloler A vtk A 2] et g-fH| = A 2]HtollA
7}16.8~18.5 X 15.2~17.8 HE 2 tZ2] 12.40] H|S| AT 2] © 2 WoIT} (Table 4). &8 =52 Shird] £
e g 9 APFEETL A2l whet oAl folRt Afol 7t LA ik

LJ‘

B 5735 5T IIkHR] 9 3 okt = A8l til2+0] Bt 3.3 (Fardl) R 4.1 (+8) Mg
ha''o]] B} AT A © &2 =9kt 7}214H4 5] 1.4 Mg ha! Z]2jollA] EFo| whe} B 5.5~5.8 Mgha' 2 7P =9k0
™ 0.7 Mg ha" Z2]e]] H|5]| 2F0.4~0.9 Mg ha'' o] =7 57+ Bt} (Fig. 1). 28 F52) F$ 73 Aelollx=
Zo] Hlof| A 2]l mhe = 2ol7t QIS ot APdEE L A2 A] o] Zasto] Ao gErs AR
A ebt o™, AdEe L A 2ge] HaE A 4ol 74127l HISH 8~14% F715HITh= Lim et al. (2000)
O] Avfeh= el = AyE Kt AL 22 ol whe H o] A5 Aot &i5te] Ning et al. (2016a) 5o
4.0 2 Eot 0 A =E ol APdEdl 1 Agfgoe] 3ull = S etel whet ¥ o] AEFo] A 4ol dpke] A1
S A el= WY S-S AT = AL 5Hl=T, 3ulsd A2+ B A7 e = 18 A 2]7e] oF 2nfiS]
0.27 dS m'o]ic}. WhH, E xR Ho A Al7dEal L A2] 165Y 2] A7 e = Bt 0.16 dS m™ 2 T2 ]2
7-°10.16~0.21 dS m™' ol H]3 thA WA LERY (data not shown) B ASh= 2 Ak o] Q= 71 © 2 mhetr| Q)
Makino et al. (2016)°]] &JoPH ¥ H|A B 7te g S A 5A o 2 Atedl T, 7H S 2 S8 A8
eF iﬂﬂl“ A} Anjo} B4l o] ffo] tha: sG] O v gtk Fdof] ol ke F.0] FRke qllh iﬁd, *1

Ao AR AV 10] Tas F2 7R, |, ofd, 7+ B H|ATH212E0.08, 1.5, 203,
2 Yiof mpet B0 H-9-817]52] 0.8~68% 22 (Table 2), A& o] o742 7,—;14_01] oJat au ng 2]
TG Aot= Ho|2= ittt oheo] A A Al L A 2= MY A5 571 (Khan et al., 2008; Wang et al.,
2014; Ning et al., 2016b; He et al., 2017)A7|= 1}, &% IAFZ oA 22| 72E =24 Edst oL 5 1 Al.
T} AP Q17 Aol W Qg 7 o 2 A7,
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Control 1*CSP 2*CSP  1*S 2*S  1*Slag 2*Slag S fertilizer

WG (Ungwang) and HN (Hwanggeumnuri), rice cultivar; 1*CSP, 0.71 Mg calcium super phosphate ha™; 2*CSP, 1.4 kg
calcium super phosphate ha™; 1¥S, 0.20 kg sulfur ha™; 2*S, 0.40 kg sulfur ha™'; 1*Slag, 7.0 kg steel slag ha'; 2*Slag, 14 kg
steel slag ha™; S fertilizer, 0.10 Mg S ha™ as a mixture of ammonium sulfate, calcium super phosphate and potassium sulfate.

Fig. 1. Yield of rice from each treatment plot (Different letters indicate significant differences at p < 0.05 level for each
rice cultivar respectively).
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Feire] O] 22 7P e e HR 3 28 AR Alel)t B Aol dizell Hlsh St
Sto] 2 s thE A0S Bl wheba] 50l wAIRle] A A 7 (4.6-5.0 Mg ha )2 7] Sfslixl= 7N
A= TR, e eRHEE ASShE Aol 7FE At Al o wa =iy vl ARt RlE FE Al
S AT EY T 78 vl 7t (Fig. 2), EF W A A4, T fARS] 79 927 glo Bz Hla @ 4],
Ee EG U it o] 27 ol Ad-tolle B SRS A4 02 A8k Aol Bl 2l o2 A7
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25 _ 25
A T -
2 = '@ T I
g 20 2 20+
2] |2
< <
2 154 g 151
= o
® %
3 [}
o 101 S 10
I I
P4 =z
5 5
0 0
Control CspP Sulfur Slag S fertilizer Control CspP Sulfur Slag S fertilizer
30
* R | ow rate (1X)
165 DAT I [ High rate (2X)
25 - . I
o4 T
2 204
Y
<<
8 15 4
2
o
O 101
T
P4
=
54
0
Control CspP Sulfur Slag S fertilizer

CSP (1X), 0.71 Mg calcium super phosphate ha™'; CSP (2X), 1.4 kg calcium super phosphate ha™'; Sulfur (1X), 0.20 kg
sulfur ha™; Sulfur (2X), 0.40 kg sulfur ha™; Slag (1X), 7.0 kg steel slag ha'; Slag (2X), 14 kg steel slag ha'; S fertilizer,
0.10 Mg S ha' as a mixture of ammonium sulfate, calcium super phosphate and potassium sulfate; DAT, days after
amendments treatment. Values are presented as the mean + SD (n = 3). Asterisks indicate significant differences from control
at *p <0.05 and **p <0.01.

Fig. 2. Changes in 1N HCl extractable arsenic content in soils from each treatment plot.

rlo

EY F A U JIEE S ENEA A7 T 165L7H] A Aejte] ESF 5 718 vlA Ht ot
°F20~26 mg kg 1= 20099712 EGRPHEAH A EFe A 7|0l d IN HCI 7H8d HlA FdF 15 m
kg T H| WS ) Ao =2 S BT (Fig. 2). 1M 3] 1.4 Mg ha! A7) EQF U] IN HCI 7H8-g H| A
Ae] 1259 § th2 A Tof| vl ego] S7Fst (p < 0.01) 27 |7H2] Bt 25.5 mgkg ' 2 AdTjH o2

Sleko.
= O
EF7HRAESLE, ol Qo] EY S A, Z 53 A= %11 H| A9 B4 (Tu and Ma, 2003)§F 2=

agQ
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=R e oA 2 o 2 AR 2ol A= ]
pRI4HA 3] ?FA‘— apAo|x] ok 7l o & HHEQIrh AP RIE Aot thE A 2loflxl= A=Al Aol wE
EG S HlA 5= Hako] FAA ol g LEhA] 2ekom Azjgte] mhe 014 Aol i3It (Fig. 2). EY 5
MR FHEE] Bt SFkS TR 0] A2 Lol A 1.0~1.3 mg kg Q2 7} 22| 7o) 27] e} v wahH WS}
7} 712 YeRA] 9RIt} (Fig. 3). ©%= Al ESO| pH7} 7.72 S5 58 20 w3k s glego]
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CSP (1X), 0.71 Mg calcium super phosphate ha™'; CSP (2X), 1.4 kg calcium super phosphate ha™'; Sulfur (1X), 0.20 kg
sulfur ha™'; Sulfur (2X), 0.40 kg sulfur ha; Slag (1X), 7.0 kg steel slag ha™'; Slag (2X), 14 kg steel slag ha™; S fertilizer,
0.10 Mg S ha' as a mixture of ammonium sulfate, calcium super phosphate and potassium sulfate; DAT, days after
amendments treatment. Values are presented as the mean = SD (n = 3).

Fig. 3. Changes in 0.1N HCl extractable cadmium content in soils from each treatment plot.
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Table 5. Arsenic content in brown rice from each treatment plot. Values of rice As are presented as the mean £ SD (n = 3).

. Rice As
Treatment Application rate -
Ungwang Hwanggeumnuri
Mg ha™ mg kg’
Control - 0.322+0.113 0.187 £0.0321
. 0.71 0317 +£0.127 0.169 +0.0248
Calcium super phosphate
1.4 0.255+£0.0872 0.203 +0.0246
0.20 0.298 + 0.0326 0.176 £0.0194
Sulfur
0.40 0.324 +0.0783 0.181 +0.0167
7.0 0.193 + 0.0808* 0.174 £ 0.0199
Steel slag
14 0.316 £ 0.0829 0.201 +£0.0214
S-containing fertilizer 0.10 S 0.274 +0.105 0.169 +0.0132
*Asterisk indicates significant difference (p < 0.05) compared to the control value.
0.05
a . WG
0.04 I KN
] a
w;;’ 0.03 - e ab
o bc
£ c bc bc be
°
3 002+ b be Pe[] be
bc c .
0.01 -
0.00

Control 1*CSP 2*CSP  1*S 2*S  1*Slag 2*Slag S fertilizer

WG (Ungwang) and HN (Hwanggeumnuri), rice cultivar; 1*CSP, 0.71 Mg calcium super phosphate ha™'; 2*CSP, 1.4 kg
calcium super phosphate ha™; 1*S, 0.20 kg sulfur ha; 2*S, 0.40 kg sulfur ha'; 1*Slag, 7.0 kg steel slag ha™'; 2*Slag, 14 kg
steel slag ha™; S fertilizer, 0.10 Mg S ha™ as a mixture of ammonium sulfate, calcium super phosphate and potassium sulfate.

Fig. 4. Cadmium content in brown rice from each treatment plot (Different letters indicate significant differences at p<
0.05 level for each rice cultivar respectively).

Conclusions
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