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Arsenic Removal by Coagulation Process and the Field Expanding Experiments

for Yangzonghai Lake

CHEN Jing, ZHANG Shu, YANG Xiang-jun, HUANG Zhang-jie, WANG Shi-xiong, WANG Chong, WEI Qun-
yan, ZHANG Gen-lin, XIAO Jun

(School of Chemistry Science and Engineering, Yunnan University, Kunming 650091, China)

Abstract: Yangzonghai Lake is the third largest plateau lake in Yunnan province. In June 2008, arsenic contamination was detected in
Yangzonghai Lake and the water quality worsens dramatically from standard grade I to worse than grade V. Since Yongzonghai Lake is
so large with the area of 31 km’ and the storage capacity of 6. 04 x 10* m®, those pretreatment operations of the traditional arsenic
removal methods, such as pre oxidation, adjusting pH value, are not applicable. In this study, a facile remediation strategy for arsenic
removal by coagulation process, in which ferric chloride was directly sprayed into the contaminated water without any pretreatment, was
reported. The results showed that the arsenic removal percentage was up to 95. 1% -96. 7% for 50 L raw water with reagent dosage of
1.62-3.20 mg-L~". Furthermore, the pH value of the lake kept constant in the coagulation process, which was beneficial for fish
survival. Re-dissolved arsenic from precipitation was not detected in 954 days. The strategy of ferric chloride coagulation were applied
to field experiments for lake water with volumes of 1 x 10* m’ and 25 x 10* m’ , in which arsenic was also removed effectively. The
reported strategy was of great advantage for simple operation, low cost and ecological safety, therefore it provides a representative
example for arsenic contamination treatment of large lake.

Key words : arsenic contamination; flocculation precipitation; ferric choride; lake; Yangzonghai Lake
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HORIF S A7 — S L[ A R . D As(V)
As( ) 55 5 5 0 e I S S AR R B, PRI 7 2 ) A
YK R As (I FeA A (V) il
SAEAALF. USEPA f— S8R50 T A R SR AN IR
WAEEALF S @ BRERK I R S B A T,
KR pHAE, FERZMTEE JE Fe(OH ), AU
JZ B Hfar PR T, X R As (V) AT As () A A [\] B 22
K, T EEHEAT pH R A B ZLEER A LR Fe/
As S A 6, 3T As( V) fTAs () t A A
IER ; @ SO~ Al PO, AT 5RANsE 4 1R, BESMHI
R B Ca®* B W B AE I AT R 1H s, R4 =i BR
AR 46K 22 B LA/ N LR 6 AT 5% 3 2 ) 8, Ik
B 52 o A5 1

SR X TR ABUMIA K AR TS Y6 28, AT BT
IKARTAAAL RN pH B IR, 76 TRk 1E i) 5L 2 3%
TR FH AN P o B R AT e . b, AR SRk
AT — RSB ZE WESY TR S AR AT S AR
I TAE i, B HBE YLK AR )
Tl , AT TR K A4 pHL, FH $5c fA7 PR A 55 Ak s
WEERAE, 58T FeCl, BREFRCR. TEBIZY K5
RGBSR T AR CER B B K AR v B D pH AR
AR TR RS 5. AR ARG 4 B, 3R 1) JEL I R vk
PATT VP2 T R 45 5, by BH SR 1K AR B AR
BT RO T HARMKHE.

1 #BE5HE

L1 #E

A BH %8 o Rt A s e (i K VR K. 2
BEFI AL 22 487 FeCl, -6H,0, FREX 270. 5 g H1ZE
7K i 1 000 mL 75 2 H VR % 2 T, FeCl, &
JEN 1.0 mol-L™" A 4 F 162.5 mg-mL~". JE/K
AICL, A= 4l ] Bl e B2 1.0 mol - L™ (%5
W 100 mL AEAf Ak s e Al .
1.2 5#r

IKAEEFY As VR BETE 2 1 ABEAG IASIE SRy 43T
W R 280t (b5t K, ASF-930) 43
Br. Fe ¥ B2 R R BOGIE 738 ( H 57, 22000) .
pH {fif] METTLER-TOLEDO FE20 FREEHE.
1.3 Kb 24 5y

2009 4F 1 H D\ BH 5% v B 5 BOKAE 23 B 32T
PLUES T e T 45 518 T3 1.
1.4 K HE

BRI e K 43 2% T A5 50 L 9
RHE PR, B R I — AR K AT, Bk

R TIUE 12 1O ik 45 TREBCT BB /INBEAR T, H 2 AR R
FE10 A5 e A — > ORI 25 0 P, W 21 780
KK, A FE SR N TS 1 min, AL H 5 7.
TEFVUE (6] RS WS DN b 37 YRBURE | I 4R I A
R TR . RN E S P RIBORE Y ST
P BRI A UL AT, 18 B 0 K il ok B2 249
0.110 mg-L~".
®1 MAREHKHESAESD

Table 1  Main components of the Yangzonghai Lake

HITET W%/ mg-1.7! M+ W%/ mg-1.7!
H As 0.128 PO} - 0. 045
S03- 64 NO; 0.051
HCO; 0.170 cl- 0.049
C03%- <0. 100 Ca?* 20

pH 8.65

DA As W, AsCID) R As( V) BF i Bt o 3 2053 Bl ol 21.7%
78.3% ; Ca®* . SO2~ . CO3~ Al Cl~ilad eyt sE , e BA B 1
etk e

L5 2.7 m’ BIKEYBOGRE

FHPE K 42 N BH S50 ) 2 A 0K 2.7 m’  FEA —
ARUCHERE . T R UK 57 B R, 2 2 H
KA B, B 0. 046 mg-L~". iR HT SE7EAE
R AR A R AR TEN TR 3 4% 27
mL FeCl, fifi & F B 10 £% 5 [l K G ,24 h J5HL
XURE AT, e RIS T e 3G ) ) i 4 R
sl 1 min, BIFEE R 48 h B FREOBUEE. £ 2
UCHURE J& , AN PRSI it 48 W, AXA 3l 10 min, T 2
72 h 55 3 UHUEE.
1.6 10000 m® KLY KI5

2009 4 8 A, 78 FH 5% me #  30 /K T, FH v 9
VEIEFRIE L — F 50 m x50 m A9 IE )5 B KB, B K
LR EASIE 5 A TR, I T B S TR
H 4 m,KEFRZ10000 m*. B TR AL LY
ASBEIS BRI 7K A4 DI AR T B B8 4 I, TR e
TR G KR DU T BEG | KA 28 b s BORE | 2 P %
FEAKARAR R B S pH AR FR I 0. EARERAE R 3
BV A BLTE A B8Rt 7, S0 58K FeCl,
TGS IR L ) 6 S /NEVER i Y b
W A PR X 0 25 120 min. 7E3XER X A0
b FIVE K SR AN R B 1) AN () LR B ORE 3% =
A AT A 35 328 R 3 A 3k e A3 A
1.7 250000 m® ZKAKH I Y KA

FEBRSEIEARIL A A L, TEARIE H—3k 150 m
x 130 m A7, 0 121 30 24N AR BEE, SF 347K
W12 m, KRR 25 7 m®. B HURE S ETE %
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R, 18 A MBIEFTOIREN Fecl, I o o
APHRI 1 0 AHE A B 0K T, S
BRI RSB FeCL, M TSI 2.1 SRR BT sUxt Bk

RBR, BHRAE HPEFT T 110 min. 2 H 4, XA A SRIG I FeCl, BTS04 B 50 LK,
SRR DCHUH B O AR T 1A 2 RIBEIE. 55 2 RBEIE B C. D S0 AR SRR N T8 45 5h
G584 L R B M A B 5 SR EURE RN A4 1 min, E45 55 F 3% 2.

®2 SUHERAERHKEHATXZME

Table 2 Effects of ferric chloride dosage and mixing method on arsenic removal

e - = e PT— i
e ﬁﬁfﬁﬁ b/eri: ]Jjﬁ it Fe/ As R H %;H;E:HDJ ﬁii\;FﬁLm{ﬁ I&/ﬁz;?
A 2.0 6.48 27.4 5 0.034 72.1
B 0.5 1.62 6.9 8 0.006 95.1
C 1.0 3.24 13.7 8 0.004 96.7
D 2.0 6.48 27.4 5 0.004 96.7

M2 HBHEAR L, A SE R REE As(ID) ALFIAs( V).
72.1%. B SIRERH W EFE R 0.5 mL, BARML 2.2 SUALBRA RO BE X R I8R5 )

I8N 1 min, (HERMHRE 55 95.1%. C 5 F3 BT FEEM AR 0.5 mL, # B A [
HOME AR EE 1.0 mL, BRMRIEEE96.7%. D AEEUE , SEAL Bk BE X R R 0 52 m. Wb & 1
SYRLEIAN FeCl, FIE T AREHE B BRI, FeCl, FHHAH [A] B, e 88 o) 54 A 28 SR G I & 5

Fi BB C 5 FeCly I A 3. 24 mg- L7418, 40 JRIHAT#ERE R FeCl, K SN FIFds A9 pH 2.5 J2—3
M1t FeCly v DAFEZ 31 J7 m® K P s ) BOXT 0.5 mL BOREEIR, KT H B Fe (OH) 4 JIZ
0. 110 mg-L ™' F#KE] 0. 004 mg-L~". ORASFT T K AR R, FeCl, ¥ BE w5, U4 Hi2s i)

ERIRI S IR W] T B SRR ] BOR KT R AR K. 2, FeCl,y AR INIZK
LUEREEREIIT | AT IR AT AL TR B HGE Ty WAL (A B AR B AR DL 2 3 AT
SRR AR, A MR A BEREHLHIANE Fe't BT UTIER M2 FeCly KA# N
SULEARY | R A R AL R s Fe(OH)  JBEMRE 1 B,

®3 aisgBERRENZm

Table 3  Effects of ferric chloride concentration

FeCl, ; FRAIVR i .
o 1 R WEI it FecCly W/ % PRI Hra %
/mg-L /mg-L
1.62 10 1. 69 1. 62 0.016 85.5
1. 62 20 1.91 0. 82 0.017 84.6
1.62 50 2.16 0.33 0.015 86.7
1.62 100 2.37 0.16 0.015 86.7
D % 12 b
2.3 WP FeCly #RINXT 7K Hh #2500 25 4¢ 3 min N INSE 55—, 45 1B 45 3l 12 7 I ] ROk

FE 50 LMK P AT 5 &, SR J5 R AR D7 SR OO AL W, 25281 51 A
W3 AR e B R 10 mL, ZERB T, F£4.
R4 BEEFETORMER

Table 4  Effects of the presence of koi fish on arsenic removal

iAo B FeCl, & BaRinil G ATk i

R <€l R AR e
/mL /mg-L ! /h /mg-L
0.1 0.32 24 0. 045 59.1
0.2 0. 64 48 0. 043 60.9

0.3 0. 96 72 0. 034 69. 1
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M T FeCly BYMHE AR, FEERIPRILT 70% .
R a6 O 5 1) s i 3 R O S 5 o MR 1) A A7
FE 3 YKIBHIT K 72 b JCE ] P B £ R 6 M3 Bl
FESRRHT Y, 2% B A RIS H AR 2% 14 B e AS 52 1
flf £ 14 A A7
2.4 ZEUIEYEKPREENHEE

2011 4F 12 H PNBA SRR rh R EUH /K 50 LT 28}
i Hb I E TR RE A 0. 075 mg-L~" JLA FeCl, ¥
Ja N TTHEE 1 b, VS HURE e 00 RHA 25 , S PR
Ak, 4 I i — o B[R] A 1 775 VAR g U R i —

KA THEEE 1 b, 84555 T3 5.

255 BRI As(ID) F1As (V) #R ] 584wk
U, ZREEY T AR K TP AR S E80E 76 120 d JRE K
MR, 954 d AFARKI A, 7E 613 d BHREI Fe
WP R 0.005 mg- L~ I ARF [ bR Ao (4 0. 250
mg-L~". pH (ARG R -t A AR AL,

2.5 B RIS IR RO % 5

FHWIHH KAL(SO, ), 522 5 5 B3 50 7E SCHR [ 24 ]
O ARIE. FIABZ A AICL i & it 1T
THR WBERA M HSCR IR, 4518 Tk 6.

x5 ZRIEWEKPREMENERE)
Table 5  Stability of coagulation sediment in water
SH 2itntinl/d
0 10 40 85 120 240 365 478 613 834 954
YR/ mg- 1! 0.075 0. 002 0. 002 0. 001 0. 001 nd nd nd nd nd nd
pH 8.65 8. 64 — — 8.63 — — 8.62 8.61 8.63 8.62
1) FeCly Iz R 3.0 mg-L="; Fe/As BE/R L 18. 54 nd RIICHH ( <0.001 mg-L~")
x6 %, HBBEERMNHRER
Table 6 Effects of iron or aluminum salts on arsenic removal
Fe it %l Al B %R AR B ] BRAR TN e i [ERTIE
/ml, /ml, /h /mg-L-! /%
0.4 0.1 12 0.017 84.6
0.3 0.2 12 0. 021 80.9
0.2 0.3 12 0. 025 77.3
0.1 0.4 12 0. 033 70.0
0 0.5 12 0. 060 45.5

6 Fdm B, AICL, 1 BB A (%) 25 SR 2 AN
FeCl, , B 5 2 FH A (R, BRISRASHT T K, SR
il AICL, B, BRA AL 2] 45. 5% . LA, il EE
PG E AR 2R DUTE A ] ol s A I5C A 3k 5
BALTRRER.

2.6 BREPRCR S ST T BdE 19 TR

Andrianisa 257 G944 T — SR FeCl, 22
BRI R RCR AR AR L EIIAK 7. N
Bl I, A WT SRR AR pH AR T SCHk A9 20,

FeCl RN TR BOCREE  BREECIAN ST .

®7 BEHRMEE
Table 7 Comparison of arsenic removal effects
K " THH) 4 vk i FRATI A JEE CRLIES FeCl; 1 Fe/As
8 P /mg-L""! /mg-L"! /% /mg-L-! EE /R H)
MR K 7.0 0. 100" <0.002 ~100 4.9 22.8
6.7 1..000" 0.110 89 10 5.4
EP N 6.7 0. 100" 0. 0052 95 9 4.0
7.3 0. 040% 0. 003 9.5 16. 1 200. 9
7.3 0. 090" 0.017 81.1 35 221.0
4)
Wk 8.0 0. 090 0.003 96. 6 46 243.8
5.0 30 0. 050 99. 8 948.9 14.7
5.0 30 0. 020 ~100 1822.6 28. 1
-~ 7.0 0.163 0. 100 38.7 2 14.7
BT K
7.0 0.163 0.010 93.9 6 17.4
o 8.6 0.110 0. 004 96.7 3.2 13.4
FH 2% 117K
8.6 0.075 <0. 001 ~100 3.0 18.5

1) #f NaHAsO, - 7H, O XA B # A (3R K 3 B K b ALK T 2) R A BH 2 TR AW LR HE FeCly MR FRRR s 3) JKAE
U Albuquerque, NM, USA; 4) JKAEHUH Naval Air station, Fallon, NV, USA;(5) SCHK[17]H Fe/As M= 1L
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B 36 4

3 PEREBEHKREBHT KIXEER

RIS B KA K 58 s WK R 2.7
m’ , TSR 0 ) A7 N TR 832 IR,
24 h Y BR TSR SR, (H N FeCl, FH 2 & SiE K B
FER E] RO B I B A, B 51 A3k 8.

BE A, A 3 5 4 W 5% 31 7K R A8 75 51 35 38, 7K
Hh I B R £ R AZ SR A FE R L 10 d S AT SR ViE Bh
H an.
3.1 10000 m’ ZKFRBRA BH S0 B I 45

PR RINIAFEL O, F£10. L9 FduA 1, mi
W FeCly ¥ WK AT, A [A] % BE (% ¥k B2 78 0. 138
mg- L™ 2247 IGHRRSAIK. W5 30 min J5, K2 0.5
m REEFEAEF] 0. 014 ~0.010 mg-L™". 1 ~3 m RJF

(R RV JBE 187 R B2 AT, SR B FeCLy 7 A 1 2R TT
TE R BEAR R I AE TR oL AR rh Ak 2L W B . 120
min {55 IEWEP S, RJZFE 140 min BFH 30T vk 3
AE 0. 004 mg-L~"; 260 min B FJEZE 2 m REL
{R3R7E 0. 050 mg- L' A2 A

210 Fdli R W, BEPTRTAS [7] 28 B 17K 9 pH {E
R 9 LA I R e G BR A 8. 36 1,
HAKPEY) >8. 59, HAE 260 min B}, SFH{H 58 4K
B EIRPEATHEIRT. FeCl, ¥ M WHE FE HH WK pH
B FEAAE X KA Sl AR ) A S R A .
I 6 d J5,4 2 H AN 5N E I T 056 7K 38k
Ah, I 5 X ) 2R oK T, 25 R R IR
55 X N A FOK FAE P AR KORAS R AT, KRR e 5%
4.

£8 2.7 m® MIKHIBRMHER"

Table 8  Arsenic removal effects by coagulation process for 2. 7 m* lake water

it %W Bt /mL Fe/As FE/R L3t /h FRAHI M /mg - 17! PRUEYL)
0.023
27 11.9 24 0.025 47.8
0.013
54 23.8 48 0.012 72.8
54 23.8 72 0. 006 87.0
1) WK 42 700 L, WAL 0. 046 mg-L ™!
®9 AEMAKRERIRERMAENIEL mg- L
Table 9 Changes of arsenic concentration with time in different depths of water/mg-L !
S g N i 18] /min
B M4 i
R Ll 30 90 120 140 200 260
EIE 0.138 0.014 0.017 0.036 0. 004 0. 024 0.052
0.5m 0. 138 0.010 0. 025 0. 027 0.023 0. 024 0. 050
I m 0. 140 0.034 0. 047 0.024 0.043 0. 030 0.051
2 m 0. 131 0. 054 0. 050 0.033 0. 055 0. 049 0.052
3 m 0. 120 0. 049 0. 044 0. 039 0. 044 0.019 0.038
#10 REREHK pH AR
Table 10 Changes of pH value with the time in different depths of water
S g N Fi5} 8] /min
B M4 i
R Ll 30 90 120 140 200 260
e 9.03 8. 66 8.71 8.88 8.36 8.67 8.91
0.5 m 8.98 8.59 8.83 8.88 8.78 8.62 9.04
I m 9.00 8.88 8.92 8.87 8.87 8.73 9.05
2m 8.98 8.96 9.01 8.91 8.89 8.94 9.01
3m 8.75 8.84 8.88 8.89 8.90 8.62 8.92

3.2 250000 m® AKARBREHELY 45

3,201 Priad B oK AT e B S ] 10 A8 Ak 235 SR
MR 11 KE L, K2 B, B FeCly, AT,

TR0 DX AR AN [R] R BE Ak B R 0. 122 mg-L7',3

m RACFEAE. W5 30 min Ji , BHIR B 2 IR R

HA L Z A 0.5 m B A6k 43 5 B AR 2 0. 004
mg-L "' F10.003 mg-L~", BRAHRFE K 97.1%. 2
m F1 3 m AL BE 530 BRI 2 0. 025 mg- L' Al
0.028 mg-L~" BREP P20 78.3% . XLk
HF 2k 2 R B et VA AR 14 52 7 T L[] T A
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R EE AR PR
FAL 25 75 m® KRB SR EHR mg- 1
Table 11  Arsenic concentration sampled from different
depths in 250 000 m® water/mg-L !
g s IS} [/ min
RE T 30 60 90 110
i 0. 122 0. 004 0.034 0. 046 0. 048
0.5 m 0. 122 0.003 0.003 0. 056 0. 042
I m 0. 121 0.038 0. 005 0. 055 0.052
2m 0.122 0.025 0. 004 0. 049 0.052
3m 0.118 0.028 0.018 0. 054 0. 057
0.14

—m—0m

Bl i /mg- L

40

60
fif i/ min

120

1 BUEERT IR SRR E 2 EH X R
Fig. 1 Relationship between different depths of arsenic

concentration and sampling time

A TR 00 DX, 2 R KRR K, IR 5]k
FeCl, AJKG™ A B LL A TITE DR — 2% S5ty 1 B

BRI X AE. B0 X A A% 7K ) A 2E DX
I, BEPEZE 90 min A1 110 min TR 4 30RE 5, ik
FERA I B 7E 0.050 mg-L ™' A 47, H 60 min Hi A
(5] Tt

0.14

012fL = - = -

0.10 k —&— () min

’ —&— 30 min
T, —— 60 min
o 0.08 —C— 90 min
E —4— 110 min
&
#2006
=

0.04 +

0.02 +

0

0 0.5 1.0 1.5

T HE/m

2.0 25

B2 MKERBEREZUXER
Fig. 2 Relationship between arsenic concentration

of different time and sampling depths

3.2.2  FERKEREE ORI FeCl, ¥ 11 i 56
4k

TERTR S — R FeCl, UG 3 h, XAEIRK:
DX 5 A KK R, i T 4R E 2 20 m, AH 2 F 150
m x40 m 6 000 m* X3 P, 2 IR WG FeCl, ¥
W 800 L, FHEL K B IR WUk T A 51 4% AS [R) B[]
R EEBURE AT, 25 RN 12 .

R 12 HBERKRE ZRBHH FeCly FRMIKEE /mg- 1!
Table 12 Arsenic concentration of the second spraying FeCl;solution at shallow water region/mg-T, !
- o i) /min
wE T 10 20 35 60 80
Fif 0. 122 0. 005 0. 004 0. 004 0. 003 0. 007
0.5m 0. 122 0. 002 0. 002 0. 002 0. 003 0. 007
Il m 0. 122 0. 001 0. 002 0. 009 0. 004 0.010

12 BEE 5 T RIBET 10 min 5, vk
AR ATFEZE 0.001 mg-L ™", BREFREET 100% .
£ 60 min #5F1EBHI S, B T8 X TGRS, ik B
1218 [ FF 2 0. 007 mg L™, SRR, >94% . 45—
R G 45 5 38 0 UE S0 R 7 2 B 5 As(TD) |
As( V) Al 52 2 TTE.

4 i

(1) X FH 2% 9 ) A 35 91 7K, A7 fF As (D)
BRI As(V) AT pH {H, B KR 2 1k
I FeCl, ¥R A] = R BR 0. 24 FeCl, HIHE Ny

3.20 mg-L~" B, A {3 K ook BE A 0. 110
mg-L_I " P& 3] 0. 004 mg-L_] , PR R R3] 96. 7% .

(2) TEZZALBENG FeCly BRAf N FEH, BT FH
SRR HCO;, YRS, WK pH B W] RS A
AT M 7K A A 0 1 A 25 A

(3) 7 i 22 5 4 T3 78 51 K b BB K I R E R
A5 BRALTCE 2 954 d IRV EE {5 < 0. 001 mg-L™".
BRIREEAE 613 d TUAERT A 0. 005 mg-L~", Z ik T [
Fr fRIHE 0. 250 mg-L~".

(4)1 7 m® K25 77 m® AKIBH I Rl 44
R . FeCl, KM= Az i SUIRITIE W T I o P T
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