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Summary 

Assessment of efficiency of denitrifieation of underground water 
by eleetrodialysis. 

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 denitrifieation and water 
desalination exists in these areas. Eleetrodialysis (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-nhrogen of water samples. Thougn niiriie 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. Md dau 

6 Viet Nam dac biet la thanh phd Ha Ndi ngudn eung ca'p nude 
sinh boat chu yeu la nude ngSm. Hien nay. Ha Ndi ed 9 nha may khai 
thac nude quy md Idii, khoang 200 tram khai thae nbd va ban 200 16 
khoan rieng le, tdng edng ed ban 430 gie'ng khoan dang khai thac 
nude ngSm vdi tdng edng suat khoang 600,000 mVngay. Tuy nhien, 
h^u bet cae gieng dang khai thac nam trong khu vuc cd mat do dan cu 
cao, lai khdng ed khoang each bao ve nen cha't lugng nude d cae gieng 
ngay cang can kiet va dl bi nhilm ban. Dae biet phai ke de'n thyc 
trang d nhilm cae hgp chat nita (NH/, NO2', NO3') trong nude ngSm 
va nude cap cua mot sd nha may tren dia ban Ha Ndi. Trude hien trang 
vl ve sinh mdi trudng va chat lugng ngudn nude su dung cho sinh 
boat, da cd ra't nhieu ea quan, nha khoa bgc nghien eflu va dua ra giai 
phap edng nghe de tach loai nita trong nude ngam. Trong dd phuang 
phap dien tham tach (Eleetrodialysis -ED) da duge nghien eflu trong 
phdng thi nghiem va lap dat thu nghiem tai thuc dia. Trong nghien eflu 
nay, tie'n hanh nghien eflu xfl ly cae hgp chat nita (amoni, nitrit va 
nitrat) trong nude bang thie't bi ED va danh gia hieu qua xfl ly cua 
thie't bi Igc ED quy md hd gia dinh. 

Xfl ly cae hgp cha't cua nita bang phuang phap dien th^m tach, 
Phuang phap dien tham tach da duge nhilu nha khoa hge nghien eflu 
ap dung de xfl ly hgp chat nita trong nude. Nam 1990, to chfle Nang 
lugng ao da bat dau thfl nghiem thie't bi xfl ly nitrat bang dien th^m 
tach d Kleylehof - miln Ddng nude Ao. Thdi gian thfl nghiem duge 
tie'n hanh trong hai nam. Cdng suat cua thie't bi khoang 1 m^/h; n6ng 
do nitrat trung binh trong nude chua xfl ly la 80 - 100 mg/1. Ket qua 
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nghien eflu cho tha'y nitrat duge xfl ly hieu qua va he thd'ng sau dd da 

duge nang ca'p de dua vao flng dung trong thuc te nam 1996 [6]. 

K. Kneisel va cdng su (2001) da tien hanh nghien eflu thfl nghiem 
sit dung thie't bi dien tham tach quy md pilot de loai nitrat trong nude 
thai bia. Thie't bi ed edng suat 24 mVngay. Ban dau ndng do mud'i cua 
nude chua xfl ly la 600 ppm, ndng do nitrat khoang 50 ppm va tdng do 
cflng khoang 8 meq/1. Ke't qua phan tich nude sau xfl ly cho thay chat 
lugng nude dat ke't qua td't: ndng do nitrat chi eon 10 ppm va do cflng 
la 2,5 meq/1 [4]. 

Tai Morocco, trong nghien eflu cua phdng thi nghiem thudc Khoa 
hoa Trudng Dai hge Tofail, phuang phap dien tham taeh duge van 
hanh vdi thiet bi dang pilot cd cdng suat 24 mVngay de tach loai nitrat 
d nude ngSm. Thie't bi duge boat ddng dua tren thdng sd ca ban: su 
tuang quan giua khfl khoang va khfl mud'i, ty le thu hdi, tieu thu nang 
lugng [5]. 

Cdng nghe dien tham taeh sfl dung de tach loai amoni ed nhilu uu 
die'm vi ddng thdi cd the taeh loai duge mot sd kim loai nang ed mat 
trong nude ngam nhu asen. Ngoai ra he thd'ng van hanh on dinh, phu 
hgp vdi khi hau ndng nhu d Viet Nam. 

Tuy nhien cdng nghe dien tham tach eung edn mot sd ban ehe' 
nhu: edn ed he Igc sa bd de loai Fe va can, tieu ton nude vi cd ti le 
nude thai kha cao, ed the len den 50%. 

2. Phi/dng phap nghien curu 

Nghien eflu thuc nghiem duge thuc hien tai Phdng thi nghiem 
Trung tam Tu va'n Chuye'n giao Cdng nghe Nude sach va Mdi trudng, 
1001 Hoang Qudc Viet. MSu nude duge phan tich bang phuang phap 
do quang tren may UV - 1601, Shimadzu, Nhat Ban. Phuang phap 
phan tich NH/ ; NO2"; va NO3" (theo phuang phap tieu chuan 
ciia My). 

Mdu nghien citu: 

Mau nude pha (cae dung dich amoni, nitrit va nitrat): Pha che 
trong phdng thi nghiem de lua ehgn dieu kien lam viec thich hgp (cae 
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thdng sd ky thuat) cho he ED. 

Mau nude ngdm thuc te': la'y tai gia dinh dng Nguyin Pham Tinh, 
xa Tam Hiep, Thanh Tri, Ha Ndi d 3 diem khac nhau: 

• Diem 1: Nude ngudn (gieng khoan) 

• Diem 2: Nude da xfl ly so bd qua bd Igc cat (dau vao he ED) 

• Diem 3: Mau nude da qua xfl ly (dau ra he ED) 

Mau nude duge la'y d eung thdi diem (budi sang). Mau duge la'y lam 
hai 2 dgt: dgt 1 tfl thang 06/2004 - 11/2004; dgt 2 tfl thang 02/2005 -
5/2005, mau duge lay vdi tan sua't 1-2 tuan/lan. MSu duge bao quan theo 
dung yeu cau ddi vdi phan tich thdng sd NH4 ;̂ NO2" va NO3'. 

Sa do thie't bi dien tham tach quy mo ho gia dinh: He thdng ED 
sfl dung de tach loai cae hgp chat nita duge trinh bay tren hinh 1 [1]: 

4_^9 

- ^ 
¥ 

0 / 
f 9 

Hinh 1. Sa dd he thdng dien tham tach ED 

1. Nude thd 

2. Bam cap nude thd 

3. Cot Igc kich thudc hat 5 pm 

4. Ddng hd do luu lugng 

5. Ddng hd do ap luc 

6. Bd dien tham taeh 

7. Bd dieu chinh ngudn dien 

(tfl 220VAC thanh 0 ^ 50VDC) 

8. Nude da xfl ly (ra sfl dung) 

9. Nude thai bd 

Mot sd thdng sd ky thuat ea ban cua thie't bi dien tham tach ED 
chi ra nhu sau: 

- Mang chiu duge nude ndng phu hgp vdi khi hau ndng. 

- Luu lugng nude sfl dung 30 - 60 1/h. 
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- Nang lugng dien sfl dung cho ED: 

Dien ap : U = 53 VDC ± 3 VDC 

Ddng dien: I = 0,75 - 1.5 A 

- Dien cue bang titan, cd phu Idp oxit kim loai quy de bao ve 
ch6'ng an mdn dien boa. 

- Kha nang tieu thu dien bien ddi tfl 1,2 - 2,5 kWh/m^ 

3. Ke't qua va thao luan 

3.1. Ket qua khao sat lua chon thong soky thuat cho he ED 

De xac dinh cae dilu kien lam viec thich hgp (ngudn, luu lugng 
dong,...) da tien hanh nghien eflu danh gia hieu qua xfl ly eac hgp chat 
nita (amoni, nitrit va nitrat) trong cae mSu nude pha. Cae ke't qua chi 
ra d bang 1. 

Bang 1: Ket qua xic ly cae ion amoni va nitrit 
bang cdng nghe dien tham tach 

TY 
miu 

thi nghiem 

1 

2 

3 

4 

5 

6 

Miu 

Tnrdc xfl ly 

Sau xu ly 

Trudc xfl ly 

Sau xfl ly 

Trudc xfl ly 

Sau xfl ly Ian 1 

Sau xfl ly Ian 2 

Trudc xfl ly 

Sau xfl ly Ian 1 

Sau xfl ly Ian 2 

Trudc xfl ly 

Sau xfl ly Ian 1 

Sau xfl ly Ian 2 

Trudc xfl ly 

Sau xfl ly Ian 1 

Cae thong sd phan tich 

NH/ 
(mg/L) 

12,30 

4,43 

15,49 

2,91 

13,31 

2,12 

0,47 

11,7 

4,04 

0,29 

15,65 

5,6 

0,34 

14,36 

5,74 

NO2" 
(mg/L) 
0,023 

<0,01 

0,039 

0,012 

0,041 

0,018 

<0,01 

0,038 

0,02 

<0,01 

0,056 

<0,01 

<0,01 

0,027 

0,077 

Nguon dien 
V 

193 

235 

258 

217 

193 

312 

186 

311 

175 

A 

0,6 

0,6 

0,6 

0,3 

0,6 

0,4 

0,6 

0,4 

0,6 

Luulugng 
nude dau 
ra (lyt/h) 

24 

18 

18 

15 

24 

18 

24 

18 

24 
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TT 
mau 

thi nghiem 

7 

8 

9 

11 

12 

13 

14 

15 

16 

Mau 

Sau xfl ly Ian 2 

Trudc xfl ly 

Sau xfl ly lan 1 

Sau xfl ly lan 2 

Trudc xfl ly 

Sau xfl ly 

Trudc xfl ly 

Sau xfl ly lan 1 

Sau xfl ly lan 2 

Trudc xfl ly 

Sau xfl ly lan 1 

Sau xfl ly lan 2 

Trudc xfl ly 

Sau xfl ly lan 1 

Sau xfl ly lan 2 

Trudc xfl ly 

Sau xfl ly lan 1 

Sau xfl ly lan 2 

Trudc xfl ly 

Sau xfl ly lan 1 

Sau xfl ly lan 2 

Trudc xfl ly 

Sau xfl ly lan 1 

Sau xfl ly lan 2 

Trudc xfl ly 

Sau xfl ly lan 1 

Sau xfl ly lan 2 

Cae thong sd 
NH," 

(mg/L) 
0,07 

14,38 

3,41 

<0,05 

6,21 • 

1,7 

18,23 

3,06 

0,12 

10,76 

1,24 

<0,05 

16,59 

3,27 

0,2 

13,14 

2,05 

0,11 

14,04 

3,83 

0,6 

14,51 

4,37 

0,32 

14,90 

4,83 

0,72 

phan tich 
NO/ 

(mg/L) 
<0,01 

0,01 

0,009 

0,004 

<0,01 

<0,01 

2,72 

0,87 

0,22 

1,42 

0,479 

0,106 

1,006 

0,403 

0,075 

0,568 

0,184 

0,016 

0,416 

0,004 

0,001 

1,405 

0,261 

ND 

0,84 

0,044 

0,011 

Nguon 
V 

275 

221 

312 

202 

274 

271 

298 

396 

243 

315 

274 

362 

222 

280 

252 

320 

208 

212 

dien 
A 

0,4 

0,6 

0,4 

0,6 

0,6 

0,4 

0,6 

0,4 

0,5 

0,3 

0,6 

0,4 

0,6 

0,4 

0,6 

0,4 

0,6 

0,4 

Luu lugng 
nude dau 
ra (lyt/h) 

18 

24 

18 

24 

20 

18 

20 

18 

20 

18 

20 

18 

21 

21 

20 

20 

20 

20 

Ke't qua khao sat cho tha'y hau he't eac mSu nghien eflu cho ke't qua 

xfl ly kha cao ddi vdi he ED van hanh 1 giai doan (hieu qua xfl ly dat 
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1 2 3 

N6ngd6NH4+(mg/l) 

khoang 70-80%). Dac biet vdi eac mau sau xfl ly thiet ke' he ED van 
hanh 2 giai doan eho hieu qua xfl ly amoni va nitrit ra't cao, dat tren 
99,5%. Luu lugng ddng phu hgp qua he ED la khoang 201yt/h. Ngudn 
dien thich hgp eho van hanh he ED ed the sfl dung ddng 600V va 
cudng do ddng trong khoang 0,4-0,6A. 

3.2. Ket qua xay dung dudtng 
chuan xac dinh NH/, N0{, N0{ 

Xay dung dudng chuan N H / 
sfl dung dung dich chuan pha tfl 
mud'i NH4CI ed ham lugng: 0,2; 
0,4;... 3,2 mg/1 va do mat do 
quang d budc sdng 420nm; dudng 
chuan N02' va cua NO,' sfl dung 
mud'i NaN02 (0,1; 0,2;... 1,6 mg/1) 
va NaNO, (0,2; 0,4;... 2,0 mg/1) va 
do mat do quang tuang flng tai 
bude sdng 520nm va 410nm (xem 
hinh 2). 

Cae dudng chuan xay dung ed 
do chinh xac kha cao, gia tri eac 
he sd tuang quan R^ thu duge deu 
> 0,99. 

3.3. Danh gia hieu qua xit ly 
NH/ trong nudc ngam su dung 
he ED (quy mo ho gia dinh) 

Cae mlu nudc duge la'y d thdi 
diem trudc va sau khi qua he ED 
de phan tich ham lugng amoni 
trong mau dua tren dudng chuan 
da xay dung duge b tren. Ke't qua 
ham lugng amoni trude va sau xfl 
ly duge ehi ra b hinh 3. 

0.5 1 15 

N6ng do N02- (mg/1) 

1.6 

1.4 

1.2 

1 

o 0.8 

0.6 

0.4 

0.2 

0 

y = 0.7287x-00415 

» = 0 9 9 3 1 ^ ^ 

J^ 
\ 

1 
>* j 

j ^ 

i ^ 
^ i 

•>r ' 

05 1 1,5 

N6ng do N O , 

2.5 

Hinh 2: Dudng chuan ciia NH/; 
NO: ^'a NOj 

Tfl hinh 3 tha'y rang ham lugng amoni dau vao (nude ngam) nam 
trong khoang tfl ll-21mg/L va ed mflc do bien thien kha rd ret giua 
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cae dgt la'y mlu. Ham lugng amoni cua mlu nudc la'y vao thang 9-10 
tha'p ban so vdi thang edn lai mac du quy luat va su anh hudng cua 
mua chua that rd rang. 

Cae ket qua phan tich eho tha'y hieu qua tach amoni cua bd Igc 
eat la kha cao (dat 50%: giam tfl 21,4mg/l xudng edn 10,4mgA). Tuy 
nhien ham lugng N H / van edn Idn ban nhilu so vdi TCCP (1,5 mg/1 
- theo tieu chu^n ve sinh nudc an ud'ng cua Bd Y te' - Quyet dinh sd 
1329/2002BYT-QD). Cae mau sau khi xfl ly bang phuang phap dien 
th^m tach vdi he ED ed ham lugng amoni giam di rd ret, d hau he't 
eac mSu diu <lmg/l dat tieu chuan nude an (13/17 mau). Hieu qua 
taeh amoni dat 82-98% ngay ddi vdi he ED van hanh 1 giai doan. 

3.4. Danh gia hieu qua xu" ly NO^ va NO3 trong nudc ngam siir 
dung he ED (quy mo ho gia dinh) 

Cae miu phan tich duge la'y d thdi diem trude va sau khi di qua he 
ED de phan tich ham lugng nitrit va nitrat trong mSu dua tren dudng 
chuin da xay dung thu duge ket qua d hinh 4. 

Giing khoan 

Qua ED 

Qualoccat 

-•-

O O C 3 C 3 C D C 3 0 0 0 C 3 0 C 3 C D O O O C 3 
c o r ^ i ^ l ^ o o o o c D O J O O T — c . j n c o ^ ' ^ m 

00 T - < O C O C D C * i a 3 C M m 0 O C M C M ^ — C M ^ — 
CM < M T - C O » - C N - . - C M 

Thai eian lay miu 

Hinh 3: Bien thien ham lugng NH/, trong cdc mdu nudc 

Cae ke't qua eho tha'y ddi vdi nitrit su bie'n thien ham lugng giQa 
eac dgt la'y miu la khdng chenh leeh rd ret (trfl mSu la'y thang 5/05) va 
khdng theo quy luat ve anh hudng cua mua nam trong khoang tfl 
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0,016-0,03mg/l. Hieu qua taeh nitrit cua bd Igc cat khdng dang ke' 
khoang 20%, sau khi qua he ED ham lugng nitrit d nhilu mSu eung 
giam khdng rd ret tuy nhien tat ea cae mSu deu ~ 0,01 mg/1 hoae thap 
hon (hieu qua taeh 50-80%). Gia tri nay deu dap flng TCCP mdi cua 
Bd Y te' cho nude an (3mg/l). Tuang tu nhu vay ddi vdi nitrat ham 
lugng NO," giam dan (khdng nhilu) khi qua he Igc cat va sau he ED 
ham lugng nitrat giam tfl khoang l,6-3,6mg/l (nude ngam) xudng edn 
trong khoang l,l-2,3mg/l (sau Igc cat) va edn tfl 0,7-2,0mg/l. Mac dfl 
vay, cae gia tri nay deu thap ban nhilu so vdi TCCP (50mg/l). Dilu dd 
CO the tha'y nitrit va nitrat trong eac mau nudc ngam nghien eflu la d 
mflc rat an toan, hoan toan phu hgp eho sfl dung trong sinh boat an 
ud'ng (xem hinh 4). 

0.035 

5 0.03 
SI 

S 0.025 

1 0.02 
s 
^ 0.015 
•S 0.01 
s 
•^ 0.005 
SB 

0 

-•— Gi6ng khoan 
-*— Qua Iqc cat 
- • - Qua ED 

c > o.^ o.*- > ,cŝ  ,c> .r53 f& A ,cft. _rb A /*v;#>:/;<#vvv/>V4/^.«< 

Thdi gian lay miu 

Hinh 4: Bien thien ham luqng nitrit vd nitrat ciia cdc mdu nUdc nghien 
citii (hieu qua tach ciia he Igc cat) 
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4. Ket luan 

Tfl cae ke't qua xac dinh ham lugng cae hgp cha't cua nita (NH/, 
NO2", NO3) trong nude ngam va sau khi xfl ly qua he Ige eat va he ED 
cd the' dua ra mot sd ke't luan sau: 

1) MSu nudc ngam tai hd gia dinh khao sat bi d nhilm amoni la 
tuang ddi cao (ham lugng trung binh la 17,1 mg/1) va cae mSu dIu vugt 
nhilu lan tieu chuan cho phep ddi vdi nude an ud'ng. 

2) Hieu qua taeh amoni cua bd Igc cat la kha cao dat 50%: giam 
tfl 21,4mg/l xudng edn 10,4mg/l. Cae mau sau khi xfl ly bang phuong 
phap dien tham tach vdi he ED ed ham lugng amoni giam di rd ret, d 
hau bet cae mlu dIu <lmg/l dat tieu chuan nude an (13/17mau). Hieu 
qua tach amoni cua he thd'ng (bd Igc cat va ED) dat han 99%. 

3) Ddi vdi thdng so NO2", NO '̂ cae ket qua phan tich cho thay ham 
lugng trong nude ngam (chua xfl ly) eung da dam bao tieu chuan sfl 
dung. Mac du hieu qua tach nitrit va nitrat cua he khdng cao (tdi da 
khoang 80% va 60% tuang u'ng ddi vdi nitrit va nitrat), viec sfl dung nudc 
sau xfl ly la an toan ddi vdi hai thdng so nay. Ham lugng nitrit va nitrat 
trudc va sau khi qua he ED deu thap ban nhilu lan so vdi tieu chu^n cho 
phep (ddi vdi nitrit la 3,0 mg/1 va vdi nitrat la 50 mg/1 - theo tieu chuan ve 
sinh nudc an ud'ng cua Bd Y te- Quyet dinh sd 1329/2002BYT-QD). 

4) Trong nghien eflu tiep theo can tiep tue lay mSu phan tich de 
danh gia hieu qua cua mang (thdi gian sfl dung) va cae dieu kien van 
hanh he thdng; nghien cu'u anh hudng cua mot so thanh phan khac 
trong nudc ngam den hieu qua xfl ly amoni. Viec xfl ly nude can thai 
chfla ham lugng Idn eac chat d nhilm eung can quan tam de dam bao 
ve sinh mdi trudng va quan ly hieu qua cha't d nhilm. Xem xet mdi 
quan he va su chuyen boa giua NH/, NO2", NO3" trong he de tim hieu 
day du ban ve ea ehe xfl ly cua he ED eung la hudng nghien eflu tiep 
theo can thuc hien. 
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