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Study on materials and a device for purifying cadmium polluted irrigation water

HE Jun—qiang', LI Ju-mei”, MA Yi-bing', JI Xiong—hui**, ZHAO Hui-wei*

(1.Ministry of Agriculture Key Laboratory of Crop Nutrition and Fertilization,Agricultural Resources and Regional Planning Institute of Chi-
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Changsha 410125, China; 3.Ministry of Agriculture Key Laboratory of Agriculture Environment in Middle Reach Plain of Yangtze River,
Changsha 410125, China; 4.The Semi-arid Agriculture Science and Technology Research Center of China, Shijiazhuang 050051, China )
Abstract : Irrigation by using cadmium polluted water is one of the important factors lead to increase Cd content in paddy soil, important ma—
terials and a device were studied for purifying Cd polluted irrigation water. Four materials were selected as purifyingagen, that was red mud
particles, limestone, zeolite and rape straw. Effect of purifying Cd in water was in order as red mud particles>limestone>zeolite>rape straw>>
ceramsite and perlite,and Cd adsorption amount in average range of 344.4~358.2 ¢ -m=. Cd concentration in purified irrigation water was
lower than that of irrigation water security standards of China(GB 5084—2005,10 pg+L™") by simulated irrigation duration 3 h,Cd 60 pg L™
concentration in irrigation water, a water flow rate 53.3 m*+h™' (40 cm inner diameter circular water section ), Cd polluted water purification

rate of 83.3% or more. Purifying device described as barrel (inner diameter 40 cm, high 65 cm ) with a water inlet and a water outlet, and
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the barrel filled with composite purifyingagen 56.5 dm*($40 c¢m, high 45 cm ), and maximum water flux 64.8 m*+h~'. Cd 15.22~20.14 ¢
could be removed from irrigation water by the purifying device, is expected to deal with 507.2~671.2 m? of Cd polluted water, meet the de—

mand of 0.13~0.18 hm? of paddy water purification(irrigation water 3750 m?+hm= with Cd 40 pg-L™")

Keywords: cadmium; purification materials; purifying device

Cd J& AR T o0 2 H oM [ B g i i 55 00 25
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Py SAEFI IR 19% , M B ™ 1Y 36% , B4 65%
PLEMAD IR N T8 4k FaH 14 Cd 75
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KRR Cd S m T REIZE DA ERE0.2
mg-kg™ )P, FRE 1 Cd SNLEPRR 7.0%, #kH 1
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30% PUA KR, [R5 S5 S5 FIEC R 100 ¢
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Table 1 The properties of selected materials and place of origin
B Rfeem Oy BO TR ek i
g cm pS-em Cr Cu Zn cd Ph As Hg

UinA — — 107 477 515 275 477 0.26 24.4 0.51 0.12  IiZRisH

k4 — — 29 519 23.6 7.32 26.6 0.20 2.49 0.04 001  RuvE

W 5~8 1324 718 925 21.7 3.01 38.5 0.16 27.6 0.28 0.01 R

HIKA 5~8 1293 737 489 18.5 4.67 51.6 0.29 9.94 0.07 0.06 LA
Bk 2-3 0.100 7.6  8.17 137 3.98 23.7 0.13 420 0.02 0.02 HLARIE

[GR A 5~8 0466 6.18  44.0 16.6 2.93 38.1 0.19 3.00 0.12 0.01  JbnTiE

WEERSFE 4 10 em EHCIR 0.081  6.41 402 147 18.8 227 0.67 0.86 0.03 0.04 PP

TE RS AT pH EC JUE LA 1021 ZKFRI, HAdATARHEL 2.5:1 Al S:1 KB “—" F7m Jail 2 $odls .

WHHRE ST . SR BEE 7 4> Cd WREERBRE , Horp 1 IR AT
WA Cd ¥R EERG LR 0.10.20.30,45.60.75 mg- L™,
H At A B Cd W B RLE S 0.1.5.3.0.4.5.7.5.12.0.
18.0 mg-L™";2 B 75 B K (IEH EC=0.79 mS -
em™,5 £ EC=3.43 mS-em™) , IEH & F5R ERL H 2R
KB F4155 PRI SCHRI210, 5 A5 25 o BE 4 5 A% A
SRR T4 5 Pl s 2% b F K pH AR LI,
HRLHLA W pH 378 6.0, SEER LT 84 ANAbBE, A4k
PR3 WRER o HARERE T 16225 CHRAET, /5l FRE
FFARF(L5 em®) A2 3G A1 BT 100 mL 25045,
AR Cd e BE 50 mlL, 18 AR (60 remin™) 4§
¥ 48 h,3000 r-min™ S B0 25 min, FIEWGET 0.45
mm YRR, Ve FH I E I Cd MR B
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W Cd e K Ry 185458, Q. A B Cd fiek
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VI3 TRIJCAH EAE T SRR e A, K (RSB 1 4
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FERESR, H Q,, BT Q, FAEFIATM L Cd e K
BRFg AR R ) 2 ] 1 RO s o
1.3.2 B0 52 g6

) 25 W S 56 PR R AR 5 FH D I 25 18 T B4R X
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B9 2% B B U Cd MR 60 g L, #5hil ZK i 4
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Smm sfpky AR
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f* L=50 ¢cm)

| ShSEMIR K EREE
Figure 1 The device for dynamic test purifying Cd polluted water

RSP FET AL, ISR RS AT AR A BT 55 7K O 1]
— 5, F AT AR ETE 2R K g A KR A, B 10
min WCEE TN E it R Cd MR B
B 54 BDST(Bed depth service time ) 7Y 4
AL BT Cd A RETRR L T2 3k 1y FH T 2241
I B RS WS AR, P e AT P — i K I A
JEACPE 0 P A R AR T I R4 AR ek i) 2+
(X 1o —ERT PR Cd MR M.q 7T H 2537 i
LW EE R B AR T AR (5 2).
t=Ny z/( Cyv )-In( CyC-1)/(K,, Cy) (1)
A Co HBAE WA I Cd YR ,mg-L75C g oK
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2.1 REHFHIXT Cd AR B RE S BT EL B

FABEXT Cd S5 T W B i 2 =268 7 F o e R Y

KRBT 95% . E /K-, 35l Langmuir FHESE (£
2) LB R BEXT Cd - W [ B8 T, 45 SRR BT, b
REXT Cd W Bl I Sk 2R P> £ KA >k A1 > TSR
EFSSPIR ARG . IEW &S FRET, MEX Cd
S W o 25 R B R AR UKL (534.1 g-m ) > A KA1
(459.4 g-m>)>fif1(441.3 g-m>)>JHZEFEFT(403.6 -
m) s MFBEXT Cd R B 5 B2 R 30 A T SRS A (22,76 L-
mg ) > KA1 (7.815 Lomg™) > £7(1.364 L-mg™)>7f
PR (0.694 L-mg™)>Fi k7 (0.654 L-mg™) > A
(0.037 Lemg™), FAFEFHRET , MR Cd - i b
AR AHRIER(511.1 g m™)>H 7 (398.1 gm™)>
TMSEFEFF(349.7 g+ m™)> 1 JK A1 (336.5 g-m™)>>Fi ki
BB (46.9~97.6 g-m™) , W B 5it JBE 15 41K B K~
T — 35 S B R AR, BREE R I B A A1
FoAdAREXT Cd W B 25 2 3496 A [R) 2 B2 A a0 , ks
W B4 ) R AR TR R (23.0 g-m™) <l /7 (43.2 g+m™)<TH
FREFF(53.9 gom™) <A KA (1229 g-m™), AT fE 5 B
BRI Cd W B —FRIRAIE A O . 2R G AP RHIR I 25 0
S P S RRAIE , DR AR UKL A A A R SRS i
Trift—2 0.
2.2 AE#E Cd shiSRgEHER
DUz RS Cd ZhaS W p 4k L BDST &
JEYIRF 95% B A7 /K-, HARFES LR 3. Mok
KGR 25 2 Q.(C=10 pg-L™)F Ry s e i (702.2 g-
m>)> £ KA1 (649.3 g-m=) > (545.9 g-m™)>¥H5E
LT (439.4 g-m™) , 5 IEH KM BRI B 25 5 1k
JP—3. MR Cd ShASI s B R B A A KA
(3.12~3.18 L-mg™'-h™")<7R e ki (3.41 Lomg™-h™ )<
FREAF(9.23 Lomg™-h™) , ATAE S AR Cd sh 7S W it
PLBELL KA ML TCHUR RS Cd W B 22 534 5 o 1Al Rt
[E] 3 h P, UL RT Cd A2 Q,(1=3 h)2=
FRUIN, A XA 344.4~358.2 gom”, FHE R KR

F 2 AR Langmuir FIEINE SR K R HHFES L

Table 2 Absorbing parametersfor the

Langmuir of selected materials

1E% EC=0.69 mS:cm™

FAf% EC=3.37 mS+-cm™

MR PR . - - -

R? Q,/g-m> K/L+mg™ R? Q,/g-m> K/L+mg™
PIRIA A 0.928 2%* 534.1 0.694 0.855 9%+ 511.1 0.401
AIRA 0.918 9% 459.4 7.815 0.925 g 336.5 1.914
WA 0.968 47 4413 1.364 0.992 9% 398.1 0.567
THSEREFT 0.834 2% 403.6 22.76 0.777 5* 349.7 24.63
R 0.976 7% 92.30 0.654 0.889 9 97.60 0.283
BkH 0.984 6+ 27.89 0.037 0.832 9% 46.93 0.052

T Q FORBIT MRS Cd WA s K BRI Cd 150 415

# R 2RI AR 95%(P<0.05) 1 99% i 2 11X 8] (P<0.01)
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Table 3 Comparative analysis for the BDST coefficients for
selected materials

K/ 0.(C=10 pg-

ool Adj R? L/ Q=3 h)/

L-mg'+h" g m™ grm™

FRUKL  0.987 0% 3.41 702.2 354.0
HIRA 0.956 2% 3.18 649.3 3487
WA 0.984 1k 3.12 545.9 344.4
HEEREFT 0.956 4% 9.23 439.4 358.2

TR Q.(1=3 h) FRAFFLATE 3 h YB—bRExt Cd W R 75 4
Q.(C=10 pg-L™) RALFLAEE = 83.3% 544 T 2o — 4k Cd fi KWzt
74t AdjR? BDST FHEHeE R E * Al ** 35K 95% 1 99% & {vi
X [i]

Cd W BEYII T A FHTERE K AR ERRAE 10 gL,
2.3 HUEESHRMRIE L
2.3.1 HbEE SR

AR RIS R W, 2L P BB R v
(m-s™) 5HBILBRE Pe(%) RIEMKR(EK 4), LR
oK 0=0.492 7 In®e-1.567 4 (R>=0.999 1,P<0.01),
AN MR ERFLAR S5 R 7, Kk T iR e Al i
W APRUZ MO . AR 4 PR i
MR 4~5 mm AR A U2 2 i i 3.35 Lomin™,
ZSE AL 29.8 Lemin™ A 2L B EIE K5
W W T A R A, BARRAS T
Al B AR T K DR E 2 H =8.90, SEBR)
FH AR TALBR AR 2 FLBRZE 8 S o A WA
EFE v R A R DR H B D B i B T AR R
AR AR ¢ (mm) GRS K TN A (ecmsem™)
KSR KR Q(m?-h~) 8] L & it g6 =
Hy(em) gl 25 8 Cd W 250 M(g) 2 18] R 56
R EEEMEE Cd R 7R Q.(5R 2) JEBEK Cd
W FE (40 g+ L) FIVE K GE A (3750 m*+hm™) S 24,
i PEAF A H A K e /& 60 m*-h' I — 2 SEbr

R4 BAKFHTHREEESEETRILEE.
MERREHXER
Table 4 Relation between effective porosity, seepage velocity and

seepage flow in constant head permeability

fifdel  ARALBUE FE o PR Q) (q03 em)/ ifE Qx40 em)/

mm Del% m-s™ L+min™ m’+h™
3~4 26.75 0.064 2.70 28.80
4~5 28.50 0.079 3.35 35.73
5~6 30.65 0.118 5.00 53.33
6~8 3243 0.137 5.80 61.87
8~10 35.70 0.195 8.27 88.21
AR 100.0 0.703 29.8 317.9

Cd AL RE J1 (— kB3 2= /0] LU R 0.13 hm? 4k H
500 m® KL RO E T 2380 e b
BEETZABHCIK 12 d,=10 em Felk 538K 0
WAEH A=4.0, HIECRE H=45 cm, FRPRI1E 5~8
mm (SRR 10 em SR, 56 B HAR S5 44 4n
2 iR .

#KE dy=10 cm

.\,f—-\.-...-—a
e e T T 10cm-,
Wﬁﬁ%ﬁﬂ mE1
e “F’:'z L ihEG 'y Sl H=65 cm;

) { Hy(15 emx3 | D(N%2)=40 cm
Mﬁ%a Loy P

; KA Hs=10 cm

HKIT dw=8 cm  FiiFLIE d=4 mm

FEH A BEAR E 2 K O3 AR Hy G 9B Ha FIE K Hs, B4

KA BB T KGR KA, S 3 A B BUA N, H—id g

BemifiE 15 em, LA 4 mm G WA RS, b3S, N BRI S —A R R

PR G o HERG LATE B , i 4 DR il S B RS . itk

— AR TR AR , T B BRI /K 1] 1 8 2 el 5

R ARSRHS I N EE B BATFRIBARIE B B LS A R I 1) S iR AT
RFG, H ] 38 A S I PR S A )

B2 Cd isERKRER UL ELENE
Figure 2 The device structure for purifying cadmium polluted

irrigation water

2.3.2 MBHHAA L SRR

FLRREBHAC HL R X Cd b %3 =85% , ik e
KA Cd W EE <10 wg-L'(58 5), Cd LR KB H
H4A 1(90.6%~95.6% )>2H 4 4(86.3%~90.1% ) ~4H
4 5(88.9%~90.0% ) >4 4 2(85.1%~87.7% ) ~ 44 3
(86.6%~87.2% ) . LG KA pH 2 T B Ny A 21
4 2(3.58)>414 1(3.22)>414 3(1.01)>414 4(0.57)
SHA 5(0.22) ; EC 42 TH IR R W40 4 4(3.83
mSeem™)>ZH A 5(2.38 mSem™)>ZH 4 2(1.95 mS-
em™)>ZH4A 1(1.64 mS-cm™)>2H4 3(0.05mS+-cm™) .
fRIE A 1 A 2 K pH 38 5 (H (6.0) FE T+
KTF3.0,EC /42T g2 (0.79 mS-em™) 1
3.08 {55 F0 3.47 175, WiZH4 3 /K& pH {URT} 1.01 .EC
AN 2 R AR R F KR pH R J1EGR , 1K
AR AT . FEAE 2 A 3 Fehl FERN 10 em
TERREAT, Cd ORI T A B, (AR EC 43911
H49111.88.2.33 mS-em™, pH 4351 F&A% 3.01.,0.79 /> 84
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A7, RIIMEREFE XS ARUeAn pH $ETHRE JT R maA K.

L5 FAVPDRHEE Fe X Cd M iR . Xf7K pH
) 5 R o o o Xof AR AR 2 AR G 3 = T REAE (3R
5) W8 MR S 2 DAL > A7 AT > A7 >R
FEFF, Al Be B ARHEC LL 7 58 S DU 1A 6} i 5 —
T RMEHE T TR 2 BRSNS JZMEES,
JZEIMEB—F R 10 em, FAPRL Cd AT 25 2 Q,
(£ 2) HEMK Cd W E 40 wg- L7 ARG 7 B 2= Rt FHE
JKGER 3750 m*-hm? A5, BRI AT Cd
15.22~20.14 g, Wit Al AL HE7K 507.2~671.2 m*, i /&
0.13~0.18 hm® FrLZRFE H 4L K
24 TERTHES

ASBIEFE TR BRIz, IR A AR A Y Ak
M B RIR A KRG W) . DU AR b o U8 Bk 4
Cd RORAEH B 7, M st , BEOR B T 3w i
Cd W 78 i, W AT AE KR 22 B OH il K Ca Mg . Fe
SR LT B FRITR DY KA R A LR A R R
E IRERPESR SRR 4R SN A —E OH 28
ABJT MRS o LAY . e S Cd RAESE
VEFAE, A Sy 12388 Cd U S A 50 50, e 0z

TFHEMEK Cd Al , AR S T a5 RO , d e Bt
T AR F- R AR

S A 620 T 1) S 96 U 45 SR R % T
RERETE T H s & 2 B/ B iR R 2 20~30
em KifE 5~8 mm LA R GRS FF K 10 em
FEFFHE ), X2 7K 45 ) DN5SO, H [A] 7K 3k 64.8 m*+h™",
VAl B LK E>65 mi-h, [T LA /N
IKEEGR R Z R 60 m*-h™', fir LLi% T. 2056 B ] LAAT—fi
FH [ 88 TR A T ) 4, VR AN A

S g FH R, A TR B K Cd R 3 S A BH:
TE oK AR 2 F K, HE X R Cd
VAL BE AT AR 5 AV PR AL /K IR S R
B, BB Cd RIE IR i 2 3 R R BT LAAS IS B
TR KR (533 m’-h ™) 5 T ORREIB R Cd W BT
R RE 1026 B S H00T LA 2 PR 75 R o 9T 8
IR Cd Ve BE A, B4 RE Cd R B i B2 AR 1.
AL =, LR K i Cd AT R R BIKOF .
BEAh , A B B KAR T sh K R Cd S5 e A e
JEZI N 40 pg - L0 4 [ Y58 15 7K # (2000—2010
4, N=295)75% KA Cd ¥R AL T 40.0 pg- L7 2, fy

x5 HHARAEEGIZRMIARE Cd TR BEERKSEUIRILR

Table 5 Purification effect for choosed materials in combinationfor Cadmium polluted irrigation water

HESs MEHAE BT ALHT Cd W /gL b5 Cd R /pg -1 #ib)E pH HbJE EC(25 °C)/mS+cm™

1 FRVERLA IR 10 1.06+0.10 9.22+0.16b 2.433+0.038d
20 1.51£0.13
40 1.630.11
60 2.7120.16

2 TRIERL A KA 10 1.56+0.22 9.58+0.16a 2.740+0.047¢
20 2.69+0.20
40 5.58+0.19
60 7.62+0.24

3 RGBT 10 1.5220.12 7.01£0.02¢ 0.842+0.005¢
20 2.47+0.20
40 4.84+0.25
60 7.900.60

4 IRVERL A IR AT SRS FT 10 1.47+0.13 6.57+0.10d 4.6230.065b
20 2.4320.16
40 5.1220.18
60 6.1220.08

5 ARA A SRS 10 1.130.12 6.22+0.02¢ 3.168+0.074a
20 2.0320.19
40 4.03+0.12
60 6.83+0.39
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FoRA A2 5 R
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PAARBIFEEE T Cd WE 60 pg- L I5 B KR il g 14
o EREAE I IR AN IF] Cd 75 G LR A AL K

3 g

T D5 AR M ER T R —E 48 Cd {55
TR Z K AR Cd 9L RE 1, X 2R E 48
A HLTG Y 05 PR R T R B LR R IR A
TRVT o DLAh, i e W 3 2o Rt P (] o 549, gk —
B T Z2SH, BRI A5 T — 20 I
A5

VEM DT OISR AT Cd i
Fr AR . A TSRS AT LE AR AR T 5 S
it HALBREE AT E , Aol AP RE S T2 A B T IRax
SERREA TR ASR YT S FA T2 AR A LN H B 4
IR AAR , AN W R AL EE SRR Aol A RS
Yo7, TELRUEMERC b L 240 T B il B I S RS
S = T OCE A AR R

4 g

(1) B DU 27K AR Cd PRt fb prBHS A A
[FIFREE AR, MPRMILEE IR S . ARlieki > K
> A>T REF . BEPIHEIERTK 3 h, K Cd kB
60 pg- L™ K HEEHEE 53.3 m*-h b5 K Cd
T RE AR T A HTRE WK b e

(2) F AR B A B KA Cd AR Rk AR e
KA IR AT+ AT > AR JRRL+ A7 K AT HM SRS FT ~ 1 K
A AT RS RS AR AR+ KA~ KA+ A o
AL E MR 58 5 — 2 =R RHE R T
EMRNE S, BEB AL 10 em,

()b E TR T ESH0: K42 10 em, 5%
RNAZ 40 cm, FE K FE 65 em, MOBHZE 5 BE 45 cm, B
AR IR 56.5 dm?, M EPRIAR 5~8 mm, MBI
BTG Cd 15.22~20.14 g, i & 507.2~671.2 m* 7K .
0.13~0.18 hm? BAZERE I Cd ¥ bR (R K Cd W
FEACE B LA 40 wg- L7 1 3750 m*+hm? i),
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