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PN AP A7 A8 AR T A ORI IR PR 45 R AL, S EUH KK A GME, ASRE T8 70 & 45 bR 9 T 34
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WAL W e R KA PR IR R Y RmRAE W1 @ BERE R
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20 BBE Fe-Al-Ce W Bt Fh A el B} 2 e A 25 3R B A 5T oh 0 10 45 52 000 o 395 1k S0 A0 67 AR W 51 5k
FLINAR AR, W AT 3 % iR 55 T A A B 0 1R 50 56 T A fi P 090 3500 25 A 43 M7 44

22 FiABEMTKKERESKRSN  EBOHEI/NCOYERE R, SRR, KFEFEH 1 000 mL
1 5 VU I MR . FERAEBLA XK RE 09 pHAE . RO MR IR 5 & L B S OR AR AT T & . pH
(B KR et A2 HM-14P B pH 31, S0 A e [ 0455 e R H 5 30 00 2 1) CO150 B 0t
AR TE LR E W, HAP S T IM - 408 B G F Sl 15 %], Fe. Mn. Cu. Zn,
K. Na, Al, Ca. Mg#lP%H Model 9000 % ICP-AES #ll%E, SO,” #1 CI i 1CS-200 #4512 3% {0
i, TOCCEA ML) o TOC-V CPH B EAT B o A AT E , T8 Vi S EIOR FH 3M TR v s 80 38 0 7
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BT R F RS TR, AT AR A o ab P HrP A AR DTSR HT PP AR UE TR TR R A
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24 BRAMREMEE HUAWMBRBEEREN TZS8, EEWE&ERFEKIYE, #1777 ARLE
55 FANA 7] 25 [0 3 3 (space velocity, SV) 25T R M RE AN HH K 22 2 VERIIEMBIFSE, IR 52
o B R BRI A 1 3 1 A R R R M BB R T T L

(DATE SV # W B3 @ UF K o 2 Btk , W SV ARl 1 h " 0.5 h's W Ffisfrad # e,
— 5 B[] 1] B (B [ AR AR B (bed volume, BV))HUFEMIE HiZK F-. Al Fe. Ce, FEALBE/KE N 60 BV
117 1 Q) NN % /s 0 <77 e O € = B - -

(D) ANFETT R o RiESLE T MG 1T . [ EGE 1T & Kis 47 16 h, [H#K 8 h )5 4k&kiz
fro SVBEEN LN, MR f5ad B2 b, — 5 i (7] fa) B BORE I 22 7K Fo

3 R 51HE

30 BFABAEKKEEME £ RN &BEIBUKIZ K BURAE. AR ITTLUE, 08T
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F T R U K B K R AR

INDE LN Ml K BT bR HfH K AR AR EAgIE
F/(mg/L) 3.6 ClI'/(mg/L) 85 Ca/(mg/L) 4.250
pH 8.3 PO,"/(mg/L) <0.2 Mg/(mg/L) 1.435
M (NTU) 0.95 K/(mg/L) 0.29 Cu/(mg/L) 0.005
TDS/(mg/L) 545 Fe/(mg/L) 0.12 Zn/(mg/L) 0.003
TOC/(mg/L) 0.34 Al/(mg/L) 0.043 Na/(mg/L) 229

SO/ (mg/l. 1) 132 Mn/(mg/L) 0.002

LAl T EUEK I pH R, A F) 8.3, pHAEMIES, F TS B LB, A Al
TR FAEM T KPR ESE, FESFAY R LR E TR . 1% 5009 W R an & Pk S AR .
T AL W T TR IR R TE 25 1 R (<6.5) %) S50 88 7 W% WP BB 4, pH BRSSO WL MM PERE ML E T [AIRE,
Fe—Al-Ce W[t 432 pH AU, (HEGETEAAEN S, HAEEE pH I, (RERIFE Lm0 IHERE"
32 BREWRMMEEITINRIZESTSHMNHBE H0 & B K& T, RE SV I, W & B
WSROI 3. W LAE H, AR SV 40T Bk B K Gk BE AR 25 8 K, K G0 BE 3K 5] 1.0 mg/L
B B R TR (BV) 458 440, UEWITE SVEU/NAE LT, FEREAK SV X Fe—Al-Ce W Fff 57 (I bR 4 FAC)
(10 B S BRE R BE AN BB 5 o TR, MR EIE TSV ML L' &I, Fe-Al-Ce WHIFIAESYV=1h"
U, %17 BEn (B K B S T 1 omg/L) W25 58 3.5 me/g, AIGEMEELE (B Fdrh
AA) W B 255 0.9 me/g B 35 LA L

S NP 32 S ] e R e TN G R A A TSP = WS B 9 Ol A S e ST
BAT ) A BR R RE . B 402 SV=1 h™', RS 1707 28 F W B B i bR mis 1T a0k . B4 LE
tH, 7E 220 ~ 440 BV X ], 0] iz 47 B 25 5 10 K R0vk B8 B S AR T 3% BLas A7 i), (H ] Blis 47 2% B ik
REN L mg/L B WREETE , MRS ATy K ROk B TC W B 22 5, L 235 LA 17 AL Rl BGE AT R AL

S AT P 10 B IRz 47 7 AR SE B o 2 A 2 A
35 35
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3.3 EMRWEMXIEKKERHKE EHERWT 2 BRHESEE MK TOCH
BfE AT 2 B K P S8 S R R AL S O AT ek T
B = o o / S
B TR TGS R, SO % R K BY JEK o8 5 . 260 655
TOCHEAT TXF AT, SERWME2FR. NEK2  joc(mer) 034 032 025 025 020 o018
AR W, EREEETGENE, HAkToCS BN T 6 26 26 41 47

JEOKHZEA R, X EEH T Fe-Al-Ce BRI

W 700 SR B I A F) AT AL 4 R0 Y R T R B s A R T, R SR Al R AT L D

A WK TOCE#TFEAL, AbFR/K &R 460 BV B, ZEPRAIRE T 40 % DAL, UhHATE M st K g
MUY U 9 W R A5 2R, o UK K AT — 5 B3 o

34 BENWMAEVHEBEBRER B EEOEUERIEN TR E B KR A, A FK
60BV ), = SR /K V& S B0CR 246 CFU/mL, BR9UCE B U8 SR ITHT H KK FE 19 B V% B.5k>-1 000 CFU/mL,
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WA L O T oK A BRI RS BRIEAE W) H AREmREE R

R UE 5 AR ARE B T 7% S 80 700 CFU/mL. S5 R HT, R 505 B 215 1 U8 B0 RE X Gl A Wy A7 —
ERBE, HAREEREREY L4, X nRE i T8 I8 FLAR 50 A7 AN 35 sl 78 il rp A 1 22 Wi 4 2L
3ot K B e BT 8™ o PRI A T — 25 BT v BB A 0 SR R R 0 A K B 2 4 O B R B T
JER I 2Re 52 A0 4 45 O XL S B K AR W) 2 4

i A @ Ve pE
35 EEHABSERE T Fe-Al-Ce WM AR B R

NEGEIEAAY), % IETRE 2 T M ALR b G R iR . BRI/ (mg/L)
HH B KA 22 A, DRI R K R < W AT T Al Ce Fe

PREE T, AR E3. NRITTLIFN, naEhIEH R 4.0 0.048 N.D. 0.030
ORI Fe. ALFERE B K & IR A CEB IR KT 28 0.035 N.D. 0.027
AR UED B E 5 Ce Y MR B A8 A= 18 AR R K T2 A A o ) 77 0.062 N-D. 0.038
WA HE, B YA HK A 150BV B3 & K P Ce B He 150 0-0141 0.0004 0-117
70.000 4 mg/L Ak, FoAth BV Z5 {4 F B AR A H Ceo BIL, 247 0-0047 N-D. 0-0250
B E K SRR ER , K2 IR TR . 635 0-0266 N-D- 0-0061
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Study on the treatment of high fluoride groundwater in Qinghe County, Hebei Province

WU Xiao-mei"?, HU Meng"*, LI Xiao—qin" >, SONG Wei-kun"?
(1. Department of Irrigation and drainage, China Institute of Water Resources
and Hydropower Research, Beijing 100048, China;
2. National Center of Efficient Irrigation Engineering and Technology Research—Beijing, Beijing 100048, China)

Abstract: To remove excess fluoride from Qinghe groundwater of Hebei province which is characterized by
a high fluoride concentration (3.6 mg/L.) and a high pH (8.3) , small scale equipment including the
pre—treatment, active carbon adsorption and ultra filtration units was applied and the adsorbent was
Fe-Al-Ce tri-metal complex oxide with high fluoride adsorption capacity. In the site of Qinghe with high
fluoride water, the different space velocity (SV), and operation mode effects on the fluoride removal perfor-
mances of Fe—Al-Ce adsorbent were studied and the safety of equipment effluent water were evaluated. The
results show that the household adsorption equipment has good operation effects. At space velocity of 1h™',
the breakthrough adsorption amount of the Fe—Al-Ce adsorbent was more than three times the value of ac-
tive alumina. The metal contents of equipment effluent water met the national drinking water standards. The
influent water quality was improved by active carbon adsorption. And the ultra filtration unit was useful for
the microorganism retention, but its microorganism safety should be further studied.

Key words: small scale equipment; high fluoride groundwater; adsorption; defluoridation
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