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Summary

Assessment of efficiency of denitrification of underground water
by electrodialysis.

Currently, the nitrogen compound contaminated in number of
borehole waters in rural areas even in Hanoi suburb area [SHER,
2004] is much concerned because the risk for human Consumption.
Therefore, an urgent need for water denitrification and water
desalination exists in these areas. Electrodialysis (ED) is an efficient
method for the treatment of drinking water with high ammonium
concentration, even it achieves only a transfer of pollution by
producing concentrated brines. This study aims to evaluate the
efficiency ED system in nitrogen compounds removal from water.
Experiments performed at laboratory scale with prepared solutions
and household scale to treat a ground water contaminated by
ammonium, nitrate, and nitrite.

The ammonium concentration of studied underground water found
relative high, average of 17.1mg/l. After sand filter unit 50%
ammonium was removed; after ED system the most treated water
remained below the acceptable value (1.5mg/l) for drinking water.
Moreover, the sand filter and ED treatment also reduced a nitrite-
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nitrogen and nitrate-nitrogen of water samples. ‘Though nitriie ana
nitrate concentration in original underground water both lower than
permitted standard for drinking water (Decision No 1329/2002BYT-
QD - Ministry of Health).

Further studies concerning with membrane endurance; removal
mechanism and treatment of waste water discharged from ED system
are recommended.

1. Mé dau

3 Viéet Nam dac biét 1 thanh pho Ha Noi ngudn cung cip nudc
sinh hoat chl y€u l1a nuéc ngam. Hién nay, Ha No§i ¢6 9 nha may khai
thic nudc quy mo 16n, khoang 200 tram khai thdc nho va hon 200 16
khoan riéng 1é, téng cong c6 hon 430 gi€ng khoan dang khai thic
nudc ngam véi téng cong sudt khoang 600,000 m*/ngay. Tuy nhién,
hau hét cac giéng dang khai thic ndm trong khu vuc c¢6 mat do dan cu
cao, lai khong c6 khoang cach bao vé nén chit lugng nudc & cic giéng
ngly cang can kiét va dé bi nhiém ban. Dic biét phai ké dén thuc
trang 6 nhiém cédc hop chit nito (NH,*, NO,", NO;") trong nudc ngim
va nudc cap cia mot s6 nha may trén dia ban Ha Noi. Trudc hién trang
vé vé sinh moi truong va chidt lugng nguén nudc st dung cho sinh
hoat, da c6 rdt nhi€u co quan, nha khoa hoc nghién citu va dua ra giai
phdp cong nghé dé tach loai nito trong nuéc ngam. Trong d6 phuong
phép dién thdm tich (Electrodialysis -ED) da dugc nghién ciu trong
phong thi nghiém va 1ap dat thir nghiém tai thuc dia. Trong nghién ciu
nay, ti€n hanh nghién citu x{t 1y cdc hop chat nito (amoni, nitrit va
nitrat) trong nudc bang thi€t bi ED va ddnh gid hiéu qua xir ly cia
thiét bi loc ED quy mo6 ho gia dinh.

Xir 1y cdc hop chat cua nito bang phuong phap dién thdm tich,
Phuong phép dién thdm tich da dugc nhiéu nha khoa hoc nghién cifu
4p dung dé x{r Iy hop chat nito trong nudc. Nam 1990, td chitc Nang
lugng 4o da bat ddu thir nghiém thiét bi xir 1y nitrat bing dién thdm
tach & Kleylehof - mién DPong nudc Ao. Thoi gian thir nghiém duoc
ti€n hanh trong hai ndm. Cong suat cla thiét bi khoing 1 m*/h; nong
do nitrat trung binh trong nudc chua xir 1y 1a 80 - 100 mg/l. Két qua
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nghién cifu cho thay nitrat dugc xir Iy hiéu qua va hé théng sau d6 da
dugc nang cap dé dua vao dng dung trong thuc t&€ nam 1996 [6].

K. Kneisel va cong su (2001) da ti€n hanh nghién citu thir nghiém
sit dung thiét bi dién tham tach quy mo pilot dé loai nitrat trong nudc
thai bia. Thiét bi c6 cong sudt 24 m*/ngdy. Ban dau néng do6 mudi cla
nuéc chua xir 1§ 12 600 ppm, nong d¢ nitrat khoang 50 ppm va téng do
ciing khoang 8 meq/l. K&t qua phan tich nudc sau xit Iy cho thdy chat
luong nudc dat két qua t6t: nong do nitrat chi con 10 ppm va do ciing
12 2,5 meq/1 [4].

Tai Morocco, trong nghién citu clia phong thi nghiém thudc Khoa
héa Truong Dai hoc Tofail, phuong phdp dién tham tich dugc van
hanh véi thi€t bi dang pilot c6 cong sudt 24 m*/ngay dé tach loai nitrat
¢ nudc ngam. Thiét bi dugc hoat dong dua trén thong s6 co ban: su
twong quan gilta khir khoang va khlr mudi, ty 1é thu héi, tiéu thu nang
luong [5].

Cong nghé dién thdm tdch sir dung dé tach loai amoni c6 nhiéu wu
diém vi dong thdi c6 thé tach loai dugc mot s6 kim loai nang cé mat
trong nudc ngdm nhu asen. Ngoai ra hé théng van hanh én dinh, phu
hop véi khi hau néng nhu & Viét Nam.

Tuy nhién cong nghé dién thdm tdch ciing cdn mot s6 han ché
nhu: cdn c6é hé loc so bo dé loai Fe va can, tiéu tén nudc vi cé ti 1é
nudc thai khé cao, c6 thé 1én dén 50%.

2. Phudng phap nghién curu

Nghién cttu thuc nghiém dugc thuc hién tai Phong thi nghiém
Trung tam Tu van Chuyén giao Cong nghé Nudc sach va Moi trudng,
1001 Hoang Quéc Viét. Mau nudc duge phan tich bang phuong phdp
do quang trén mdy UV - 1601, Shimadzu, Nhat Ban. Phuong phdp
phan tich NH,*; NO,; va NO, (theo phuong phdp tiéu chuin
clia My).

Madu nghién citu:

Méu nuéc pha (cic dung dich amoni, nitrit va nitrat): Pha ché
trong phong thi nghiém dé lya chon dicu kién lam viéc thich hgp (cac
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thong s6 k¥ thuat) cho hé ED.

Mau nudc ngdm thuc té€: 14y tai gia dinh 6ng Nguyén Pham Tinh,
xa Tam Hiép, Thanh Tri, Ha N6i & 3 diém khé4c nhau:

* Piém 1: Nudc ngudn (gi€ng khoan)

* Piém 2: Nudc di xir 1y so bd qua bo loc cét (dau vao hé ED)

* Diém 3: Mau nudc da qua x{ 1y (dau ra hé ED)

Mau nudc duge 14y & cling thdi diém (budi sdng). Mau duoc 1dy lam
hai 2 dot: dot 1 tir thdng 06/2004 - 11/2004; dot 2 tir thang 02/2005 -
5/2005, mau dugc 14y véi tan sudt 1-2 tudn/lan. Mau dugc béo quén theo
diing yéu cau d6i véi phan tich thong s6 NH,*; NO, va NO;".

So do thiét bi dién thdm tdach quy mé hé gia dinh: Hé théng ED
sir dung d€ tach loai cdc hgp chét nitg dugc trinh bay trén hinh 1 [1]:

Hinh 1. So do hé thong dién thdm tdch ED

1. Nuéc tho 6.B0o dién tham tach

2. Bom cdp nudc tho 7.B0 diéu chinh nguén dién

3. Cét loc kich thudc hat 5 um (tir 220VAC thanh 0 + 50VDC)
4. bong hoé do luu lugng 8.Nudc da xir 1y (ra sit dung)

5. Déng hé do 4p luc 9. Nudc thii bd

Mot s6 thong s6 ky thuat co ban cua thiét bi dién tham tach ED
chi ra nhu sau:

- Mang chiu dugc nuée néng phit hgp véi khi hau néng.
- Luu luong nude stt dung 30 - 60 1/h.
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- Nang lugng dién sit dung cho ED:
Pién dp: U=53 VDC + 3 VDC

Dong dién: I=0,75-15 A
- bién cuc bang titan, c6 pha 16p oxit kim loai quy dé bao vé

chéng an mon dién hod.

- Kha ning tiéu thu dién bién déi tir 1,2 - 2,5 kWh/m”.

3. Két qua va thao luan

3.1. Két qua khdo st Iua chon théng sé ky thuat cho hé ED

D€ xdc dinh cdc di€u kién 1am viéc thich hgp (nguén, luu lugng
dong,...) da ti€n hanh nghién citu ddnh gid hiéu qua xir Iy cdc hop chat
nito (amoni, nitrit va nitrat) trong cdc mau nudc pha. Céc két qua chi
ra & bang 1.

Bang 1: Két qua xur Iy cac ion amoni va nitrit
bang cong nghé dién tham tach

TT Cic thong so phan tich | Nguén dién | Luu luong
mau Mau NH,* NO, \Y, A | nudcdau
thi nghiém (mg/L) (mg/L) ra (lyt/h)
1 Truée xtr ly 12,30 0,023 193 | 0,6 24
Sau xur ly 4,43 <001
2 Trude xir ly 15,49 0,039
Sau xtt ly 291 0,012 235 | 0,6 18
3 Trudce xir ly 13,31 0,041
Sau xirly 1an 1 2,12 0,018 258 | 0,6 18
Sau xtr 1y 1an 2 0,47 <0,01 217 | 03 15
4 Trudc xir 1y 11,7 0,038
Sau xir 1y 1an 1 4,04 0,02 193 | 0,6 24
Sau xir Iy ldn 2 0,29 <00l | 312 | 04 18
5 Trudce xir 1y 15,65 0,056
Sau xtr 1y 1an 1 5,6 <0,01 186 | 0,6 24
Sau xir 1y 1an 2 0,34 <0,01 311 | 04 18
6 Trude xtr ly 14,36 0,027
Sau xurly l1an 1 5,74 0,077 175 | 06 24
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TT Cic thong 56 ;;hén tich | Nguondién | Luwu lugng
e Miu NH,* NO, Vv A | nuéc ddu
thi nghiém (mg/L) (mg/L) ra (lyt/h)

Sau xur 1y 1an 2 0,07 <0,01 275 | 04 18

7 | Truée xirly 14,38 0,01
Sau xtr 1y 1an 1 3,41 0,009 221 | 06 24
Sau xtr 1y 1an 2 <0,05 0,004 312 | 04 18

8 | Truéc xirly 621 © | <001
Sau xir ly 1,7 <0,01 202 | 0,6 24

9 Trude xu 1y 18,23 2,72
Sau xtr 1y 1an 1 3,06 0,87 274 | 0,6 20
Sau xtr 1y 1an 2 0,12 0,22 271 | 04 18

11 Trudce xur ly 10,76 1,42
Sau xtr 1y 1an 1 1,24 0,479 298 | 0,6 20
Sau xtr 1y 1an 2 < 0,05 0,106 396 | 04 18

12 Trude xur ly 16,59 1,006
Sau xir 1y 1an 1 327 0,403 243 |1 0,5 20
Sau xir 1y 1an 2 0,2 0,075 315 | 0,3 18

13 Trude xur ly 13,14 0,568
Sau xtrly 1an 1 2,05 0,184 274 | 0,6 20
Sau xir 1y 1an 2 0,11 0,016 362 | 04 18

14 Trude xu ly 14,04 0,416
Sau xtr ly lan 1 3,83 0,004 222 | 0,6 21
Sau xir 1y lan 2 0,6 0,001 280 | 04 21

15 Trudce xur 1y 14,51 1,405
Sau xirly lan 1 437 0,261 252 | 0,6 20
Sau xtr 1y 1an 2 0,32 ND 320 | 04 20

16 Trude xir 1y 14,90 0,84
Sau xirly lan 1 4,83 0,044 208 | 0,6 20
Sau xtr 1y 1an 2 0,72 0,011 212 | 04 20
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khoang 70-80%). Dac biét vGi cdc mau sau xu 1y thiét k€ hé ED van
hanh 2 giai doan cho hiéu qua xir 1§ amoni va nitrit rdt cao, dat trén
99,5%. Luu lugng dong phi hgp qua hé ED la khoang 20lyt/h. Ngudn
dién thich hgp cho van hanh hé ED c6 thé st dung dong 600V va
cwdong do dong trong khoang 0,4-0,6A.

3.2. Két qua xdy dung duong :j R T
chuén xdc dinh NH;', NO,, NO; 12 [ RO

Xay dung dudng chudn NH,* o = / Sar
stt dung dung dich chuin pha tir 08 [
mudi NH,Cl ¢6 ham lugng: 0,2; o 1 -
0,4;.. 32 mg/l va do mat do 0

. 5 g . 0 1 2 3 4

quang & budc séng 420nm; dudng P
chuin NO, va ctia NO; sir dung '
mudi NaNO, (0,1; 0,2;... 1,6 mg/l) J—

CyS1s5a 00578

va NaNO;, (0,2; 0,4;... 2,0 mg/l) va 25 [
do mat do quang tuong ing tai 2 e
budc song 520nm va 410nm (xem ~ ° 18—
hinh 2). 1

Cic dudng chuédn xay dung c6 O'Z B e
do chinh x4c kha cao, gia tri cac 0 05 1 15 2
hé s6 tuong quan R? thu dugc déu Nong dg No2- (mg/l)
>0,99. L '

ol ey /1

3.3. Pdnh gid hiéu qud xu ly G e R
NH; trong nudc ngam s dung .. N
hé ED (quy mé hé gia dinh) o o [t //

Céc miu nuée duge 14y & thoi Wi e
diém truéc va sau khi qua hé ED 02 gt
dé phan tich ham luong amoni oo 05 1 15 2 25
trong miu dva trén dudng chudn Ningdo  NO,

da xay dung duoc & trén. Két qua
ham luong amoni trudc va sau xur
1y dugc chi ra & hinh 3.

Tir hinh 3 thdy ring ham lugng amoni dau vao (nudc ngam) nam
trong khoang tir 11-21mg/L va c6 mic do bi€n thién khd rd rét gitta

Hinh 2: Puong chudn ciia NH;*;
NO, va NO;
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cac dot 14y mau. Ham lugng amoni clia mau nudc lay vao thang 9-10
thap hon so vdi thiang con lai mac du quy luat va su anh hudng clia
mua chua that ro rang.

Céc két qua phan tich cho thdy hiéu qua tich amoni clia bd loc
cat 1a khé cao (dat 50%: giam tir 21,4mg/1 xu6ng con 10,4mg/1). Tuy
nhién ham lugng NH,* vin con 16n hon nhiéu so véi TCCP (1,5 mg/l
- theo tiéu chudn vé sinh nuéc an uéng ctia B6 Y t€ - Quyét dinh s6
1329/2002BYT-QD). Cic méu sau khi xir 1y bing phuong phdp dién
thdm tach véi hé ED c6 ham lugng amoni giam di rd rét, & hau hét
cdc miu déu <1mg/l dat tiéu chudn nudc an (13/17 mau). Hiéu qui
tich amoni dat 82-98% ngay d6i v6i hé ED van hanh 1 giai doan.

3.4. Pdnh gia hiéu qua xu ly NO, va NO; trong nudc ngam su
dung hé ED (quy mé hg gia dinh)

Cac méu phan tich dugc 1dy & thdi diém trude va sau khi di qua hé
ED dé phan tich ham lugng nitrit va nitrat trong méu dua trén dudng
chuén da xay dung thu duoc két qua & hinh 4.
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Hinh 3: Bién thién ham lugng NH*, trong cdc mdu nudc

Céc két qua cho thdy d6i véi nitrit su bién thién ham lugng giifa
cédc dot 1dy mau 1a khong chénh léch 15 rét (trit mau 14y thang 5/05) va
khong theo quy luat vé anh hudng cla mia ndm trong khoang tif
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0,016-0,03mg/l. Hiéu qua tich nitrit cia bo loc cit khong ding ké
khoang 20%, sau khi qua hé ED ham lugng nitrit & nhi€éu mau ciing
giam khong rd rét tuy nhién tat cd cdc miu déu ~ 0,01mg/l hoac thap
hon (hiéu qua tach 50-80%). Gia tri nay déu ddp tng TCCP mdi clia
Bo Y t€ cho nudc an (3mg/l). Tuong tu nhu vay d6i véi nitrat ham
luong NO; giam dan (khong nhi€u) khi qua hé loc cét va sau hé ED
ham lugng nitrat giam tir khoang 1,6-3,6mg/l (nuéc ngam) xudng con
trong khoang 1,1-2,3mg/l (sau loc cét) va con tir 0,7-2,0mg/l. Mac du
vay, cdc gia tri nay déu thap hon nhiéu so véi TCCP (50mg/1). Diéu dé
c6 thé thay nitrit va nitrat trong cdc miu nudc ngadm nghién ciu 1a &
muc rat an toan, hoan toan phu hgp cho st dung trong sinh hoat an
uéng (xem hinh 4).

' —e— Giéng khoan
0.035 —a— Qua loc cat
-~ Qua ED
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0.005
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Thoi gian lay mau

Hinh 4: Bién thién ham ligng nitrit va nitrat ciia cdc mau nidc nghién
cini (hiéu qud tdch ciia hé loc cat)
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4. Két luan

Tir cac két qua xdc dinh ham lugng cac hop chét cia nito (NH,*,
NO,, NO;) trong nudc ngdm va sau khi x{r 1§ qua hé loc cat va hé¢ ED
c6 thé dua ra mot s6 két luan sau:

1) Mau nuéc ngam tai ho gia dinh khao sit bi 6 nhi€ém amoni la
twong doi cao (ham lugng trung binh 1a 17,1mg/l) va cdc mau déu vuot
nhiéu 1an tiéu chuan cho phép ddi véi nude an udng.

2) Hiéu qua tach amoni cua bo loc cat l1a kha cao dat 50%: giam
tlr 21,4mg/l xuoéng con 10,4mg/l. Cdc mau sau khi xir 1y bang phuong
phdp dién tham tach vdi hé ED ¢6 ham lugng amoni giam di 6 rét, &
hdu hét cdc miu déu <1mg/l dat tiéu chuan nudc an (13/17mau). Hiéu
qua tach amoni cua hé thong (b loc cat va ED) dat hon 99%.

3) Déi véi thong s6 NO,, NO; céc két qua phan tich cho thdy ham
lwong trong nuéc ngam (chua xir ly) ciing da dam bdo tiéu chuén sir
dung. Mac du hiéu qua tdch nitrit va nitrat cia hé khong cao (t6i da
khoang 80% va 60% tuong tGing d6i vdi nitrit va nitrat), viéc st dung nudc
sau XU 1y 1a an toan d6i véi hai thong s6 nay. Ham luong nitrit va nitrat
trudc va sau khi qua hé ED déu thap hon nhiéu 1an so véi tiéu chuén cho
phép (doi v6i nitrit 12 3,0 mg/l va véi nitrat 1a 50 mg/1 - theo tiéu chuén vé
sinh nuGc an uoéng cua Bo Y t€ - Quyét dinh s6 1329/2002BYT-QD).

4) Trong nghién ciu tiép theo can ti€p tuc ldy mau phan tich dé
danh gid hiéu qua cua mang (thoi gian st dung) va céc diéu kién van
hanh hé¢ thong; nghién ctu anh hudng cua mdt s6 thanh phan khéc
trong nuGdc ngdm dén hiéu qua xi 1y amoni. Viéc xir 1y nudc can thai
chita ham lugng 16n cdc chat 6 nhiém ciing can quan tam dé dam bao
vé sinh moi trudng va quan 1y hiéu qua chit 6 nhiém. Xem xét moi
quan hé va su chuyén hod giita NH,*, NO,", NO; trong hé dé tim hiéu
day dl hon vé co ché xir 1y cia hé ED ciing 1a huéng nghién citu ti€p
theo can thuc hién.
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