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TOM TAT: Trong 2 ndm vdn hanh thit nghiém, mét mé hinh bé tdo & quy moé pilot ¢ luu
lugng 5 m’/ngay da chung t6 khd ndng khdng ché su bay hoi H,S trong qud trinh xit ly nudc
thdi ché bién cao su da qua xit Iy ky khi trudc dé. Téo Chlorella da dugc sit dung trong bé tdo
nay. Nudc thdi dva vao xit Iy ¢é ham lu’cmg sulphide hoa tan & khodng 5 mg/L. Tai vi tri giita
bé tdo, khodng 55% sulphide hoa tan van con lai trong nudc thdi, nhung ham lugng H,S trong
khong khi trén bé mdt bé la dudi 1 ppm. Su phdn ly ciia H,S trong méi truong kiém tao ra bdi
su quang hop ciia tdo Chlorella trong bé dugc xdc nhdn la tdc nhan khéng ché sy bay hoi cia
H,S trong tién trinh xit Iy nudc thdi.

Gidi thiéu

H,S trong nudc thdi

Mii hoi tir hé thong x{ 1y nudc thdi c6 thé gdy ra nhitng tic dong tm Iy rat t& hai.
NG titng gy ra suy thodi vé kinh doanh cho c& mot thi tran [15].

Trong s6 nhitng chdt c6 mdi khé chiu, H,S 1a chat thudng gip nhat tai céc hé thong
Xt Iy nudc thdi va di dugc xdc dinh 12 nguyén nhin chinh cia mii hoi tai day [8]. Trong
nudc thdi, H,S 12 sdn phdm cda sy khit sulphate do cdc vi khudn ky khi [7]. Ngoai ra, H,S
cling 1a hé qua clia sy phan hdy, cd ky khi va hi€u khi, cdc amino acid ¢é chita Iuu huynh &
trang thdi khi [8].

Su kho khdn trong viéc loai trit H,S trong nudc thdi dang xit Iy

Céc cong nghé sinh hoc chi€m ty 1& 4p ddo trong cdc hé thdng xi Iy nudc thai, vi
ching ré ti€n va c6 hiéu qua cao, dic biét ddi v6i chat 6 nhidm hitu ¢ [12]. Vi th€ viéc sinh
ra cdc sin phdm trung gian clia qud trinh trao d8i ch4t, trong d6 c6 H,S, 1a khong thé tranh
khdi trong qud trinh xit 1.

Doi véi mét loai nude thdi ¢6 ham Iugng chi't 6 nhidm hitu cd cao, cong nghé xi ly
dugc chon thudng gdm 2 cong doan chinh 13 xi Iy ky khi va xif Iy hi€u khi. Tuy su bay hdi
H,S c6 thé dugc khdng ché § cic bé ky khi nh& vao su lam kin, diéu nay lai khoéng thuc
hién dugc & cdc bé hi€u khi. Thém vao dé, cdc thiét bi suc khi & cdc bé hi€u khi con c6 khi
ndng lam tdng sy bay hdi nay.

Céc gidi phdp cong nghé cho vdn dé nay c6 nhiéu [14], nhung tyu trung nhitng gidi
phédp c6 hi€u qud nhat c6 thé chia thanh 2 nhém: (i) thu gom va xit 1y khi ¢6 chita H,S, va
(ii) can thiép bing cdc héa chat, chi y&u 13 cdc chat oxy héa manh, cho vao nudc thii. Cé
thé thdy cdc gidi phdp nhém (i) 12 t6n kém. Mt cdng trinh nghién cttu mdi day [6] cho thdy
gid thanh xi¥ 1y 12 khodng 160 USD/m® H,S d&i véi thdp loc sinh hoc va 131 USD/m’ H,S
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dsi véi thap khi¥ héa hoc. Cdc gidi phdp nhém (ii) thl ngoai viéc t6n kém con c6 thé dnh
hudng x&u dén sinh trudng clia vi sinh v4t, bdi vi cdc chdt oxy héa manh ciing dong thoi 1a
chat diét khudn, va nhu vay 12 1am gidm hiéu qud xit Iy nudc thai.

B4o cdo nay la k&t qud clia mot cong trinh nghién cifu trong 2 ndm, trong d6 vi tdo
Chlorella sp. dugc dua vao cong doan xt Iy hi€u khi nhim khdng ch€ sy bay hoi H,S trong
qué trinh x& 1§ nudc thdi ch& bi€n cao su, mot loai nudce thdi c6 ham lugng chat 6 nhiém hitu
cd rit cao.

X4y dung gid thuy&t

Kha ndng hap thu bicarbonate ciia vi tdo va dnh hudng ciia né dén pH méi truong
Vi tdo (microalgae), ciing nhu thuc vat c4p cao, thuc hién sy quang hgp, ma phan tng
tdng quat c6 thé viét 1a:
Anh sdng
6CO;, + 12H,0 ---—------- > CgH 206 + 6 Oy + 6H,0 (D)

Ribulose 1,5-bisphosphate carboxylase-oxygenase (Rubisco) c¢6 4i Iyc rdt thap d6i
v6i CO,, vi thé cdc sinh vat quang hgp déu c6 nhiing cd ché tap trung CO,, nhung CO, lai dé
“rd 11” qua cdc mang t& bao. P& khdc phuc sy that thodt CO,, & thuc vat Cs Rubisco tdp
trung trong nhitng t€ bao dic biét c6 mang chidn (bundle-sheath cell) ma CO, khdng thodt ra
dugc [13]. :

La sinh vat don bao, vi tdo khong thé 1am nhu thyc vat cdp cao. Mot s nghién cifu
mdi day [3], [13] cho thiy ching khdc phuc sy that thodt CO, bing cdch hap thu HCO5™ thay
vi CO,. L2 mdt ion, HCOs xuyén qua mang t€ bao chim hon CO; nhiéu. Trong thip nién
vita qua, nhiéu chiing ct da dudc xdc 14p vé kha ning hdp thu HCO;3' thay v, hodc ddng thoi
vdi, CO, ciia vi tdo trong quang hdp. Pic tinh ndy cla sy quang hdp do vi tdo da dude xdc
nhan trén mot s8 loai nhut Scenedesmus obliquus [16), Chlorella saccharophyla [17}, Chorella
elipsoidea [10], Chlamydomonas reinhardtii [5], va Chlorella kessleri [4].

Su phén ly ciia H,S trong moi truong cé pH cao
H,S 132 mot acid y&u, hai chifc, trong nude & 25°C né phadn ly [11] thanh :
pKai = 6.97 pKa2 = 12.89
H,S <--------- >H'"+HS < >H'+ 5% ()

Gid thuyét .
(a) N&u vi tdo hdp thu HCO5 thay vi CO,, thi ta c6 thé thay HCOs vao chd cla CO,
trong phan ng quang hop (1) trén day dé cé:
Anh sdng
6 HCO; + 12H,0 ----------- > CgH206 + 6 O, + 6H,0 + 6 OH €))
va nhu vay c6 thé dy ki€n ring su quang hgp do vi tdo s& 1am ting pH mdi trudng.

[AT][H']
(b) B&i vi pH = -log [H'] va pK, = -log ---------- , nén ngudi ta c6 thé viét:
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pH = pK, + log ------- 4)

véi A 12 mot anion va HA 12 acid clia n6, ddu ngodc vudng biéu thi ndng do mol.

Biéu thifc (4) dudc goi l1a phuong trinh Henderson-Hasselbach [7]. Tir biéu thitc (4) ta
¢6 thé thdy ring néu pH 16n hon pK, hai don vi thi acid s& bi phan ly hdu nhu hoan todn (ty
s8 phan ly 12 100:1). VAy H,S s& bi phan ly hiu nhu hoan toan thanh H" va HS™ néu pH mai
trudng dat d€n mitc pH = 8,97. Khi bi phin ly nhu vay, H,S s&€ khong bay hdi dugc.

Téng hgp 2 ludn cif (a) va (b) trén day, c6 thé gid thi€t riing sy phat trién cla vi tdo
Chiorella trong bé xit 1§ hi€u khi s& khong ché su bay hdi ciia H,S c6 mit trong nudc thai va
do d6 ma bé xit 1y s& khdng gy ra mii hdi trong qud trinh xi¥ 1y nudc thai.

Vit liéu va phuong phap

Thi nghiém kiém chiing khd ndng ndng cao pH ciia tdo Chlorella

Tao Chlorella sp. dugc nudi cdy ngoai trdi trong 3 x6 nhua cé dung tich 21 lit va
chiéu cao muc nude 0,5 m. M6i trudng nudi cdy 12 nude thai ché bi€n cao su da qua xit 1y ky
khi, cé6 pH ban dau khodng 7,8 va cé cdc ham lugng COD, BOD, T()?ng Nitd, va Nitd dang
Améni twdng Wng khodng 550, 300, 220 va 210 mg/L. M4t d6 tdo ban dau khodng 0,8 x 10°
t& bao/mL. Thi nghiém kéo dai 20 ngay, véi 3 14n 13p lai.

M>Bi ngdy céc xb tdo dugc khudy déu 2 1dn vao lic 7 gid va 14 gid, mdi 1an 1 phut.
Nhiét d6 nudc, pH va DO dude do hiing ngay trong x6 bing nhiét k&, pH k& va DO k& vao
lic 14 gid, sau khi khudy. Ciing hiing ngdy, 100 mL miu dugc 1dy ra khdi x6 vao lic 7 gid
sau khi khudy, vd dem phin tich P§ kiém Tdng s§ (Total Alkalinity) va Do kiém
bicarbonate (Bicarbonate Alkalinity) bing phuong phdp chudn dé theo Standard Methods
[2]. Cdc phén tich théng ké gém c6 tri trung binh (&), 6 1éch chudn (8), hé s6 bién thién
(CV%) va phén tich ti'ong quan.

Thi€t k&€ mé hinh thi nghiém b€ tdo

M6 hinh 1a mot bé xay biing gach c¢6 thé tich 35 m?, c6 véch chia bé thanh 7 kénh
(xem Hinh 1). M6t &ng tran dudng kinh 49 mm dugc 1dp & cudi mbi kénh, cho phép nudc
thai c6 thé chdy tran tif mot kénh sang kénh k€& cén, tao dong chiy zic-zac qua bé. Mdi kénh
dai 20 m, rongl m, va sdu 0,5 m. Mdi ngay bé dudc khudy tron biing tay 2 lin vao lic 7 gid
sdng va 2 git chiéu. M3i 1in khudy trong khodng 21 phit. Dung cu khudy 12 mét ban cao
bing c6 gd kich thudc 0,8 x 0,4 m trén d6 ¢6 duc cdc 16 dudng kinh 50 mm cdch déu 50 mm.
Viéc khudy tron dude thuc hién biing cdch kéo ban cdo néi trén doc theo titng k&nh vdi tdc
d6 khodng 0,6 m/gidy. M&i kénh dugc khudy nhu vy trong khodng 3 phit mbi lan khudy.
T4o Chlorella sp. dugc cdy vao kénh ddu tién ciia bé vdi m4t do ban ddu khodng 0,8 x 10° t&
bao/mL. Sau 10 ngay, mét d§ trung binh cla tdo trong kénh dat t6i khodng 70 x 10° &
bao/mL, va bé dugc dwa vao giai doan khdi dong trong khodng 2 théng.
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Hinh 1. Mé hinh thi nghiém b€ tao

M6 hinh thi nghiém nim trong mot hé thdng mé hinh thi nghiém xif Iy nude thdi gém
¢6 5 thanh phian: mot b€ diéu hoa, mdt bé gan md, mot bé ky khi cao tdi, mot b€ tdo (BT),
va mdt bé lyc binh duge xdy dung theo sd dd nguyén Iy § Hinh 2. H¢ thdng md hinh nay, ¢6
cong sudt x{t Iy 5 m*/ngay, di dugc dua vao vin hanh tai xudng thuc nghiém ché bi€n cao su
thuge Vién Nghién clfu Cao su Viét Nam & huyén Bé&n Cit, tinh Binh Dudng tir thing
9/1999.

Van hanh va kiém nghiém mé hinh thi nghiém b€ tio

Serum ddnh dbng cao su td, thanh phin chinh cda nudc thai ch€ bi€n cao su td, c6
ham lugng COD khodng 10.000 mg/L, dugc cho chdy qua mé hinh hé théng dudi tic dung
cla sy chénh 1&ch cot dp. Cdc thdi gian liu nude 13 1 ngdy & b€ didu hoa, 0.7 ngdy & b€ gan
mii, 2 ngdy & b€ ky khi cao tdi, 7 ngay & BT, va 3 ngay & bé luc binh. Sau mdt thdi gian khdi
dong khodng 2 thdng, hé thong dudc dua vao ch€ do van hanh lién tuc tir thang 9/1999. Sau
khodng 2 thing ti€p theo, hé théng dudc coi nhu dat tinh trang dn dinh, v cic miu nude thai
bt diu duge thu thap.

Ba dgt 18y miu dd dugdc thyc hién: dgt 1 tir 23/11/1999 d&n 26/1/2000, dgt 2 tir
4/10/2000 d&n 16/01/2001, dgt 3 tir 2/5/2001 d&n 26/12/2001.

lmng thosi gian 13 thdng cda 3 dgt 1dy miu, mdu nude thdi duge 18y va phén tich
hdng tun. Cdc chi tiéu phn tich chat Iu’dng nudc thdi 1a pH nhu cdu oxy héa hoc (COD),
nhu cdu oxy sinh héa (BOD), tdng chat rin g ling (TSS), tdng Nitd Kjeldahl (TKN), va Nito
dang Amoni (NH; — N). Cdc di€m 1y miu d6i véi cdc chi tiéu trén 12 trude va sau BT (didém
I va 3 trong Hinh 2). Quan tric lién quan dé€n H,S 13 cdc chi tiéu Sulphate (SO4%) diung
phu’dng phdp gravimetric, va Sulphide (S%) ding phuong phdp iodometric. Cic di€ém 18y
mau ddi vdi cdc chi tiéu nay 1a trudc, gitra, va sau BT (di€m 1, 2, va 3 trong Hinh 2). Céc
quy trinh 18y miu, bdo quidn miu, va phén tich miu dugc ti€n hanh theo Standard Methods
[2]. Thém vao d6, cdc ki€m nghiém d€m s3 € bao tdo, do pH, do din dién (Conductivity),
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quy trinh 18y miu, bio quan mAu, va phin tich miu dugc ti€n hanh theo Standard Methods
[2]. Thém vio d6, cdc kiém nghiém d&€m s t& bao tdo, do pH, d6 dan dién (Conductivity),
va oxy hoa tan (DO) dudc ti€n hanh thudng xuyén trong BT. C4c phén tich thdng k& gdm c6
trj trung binh (x ), d6 1&éch chuén (8) va hé s8 bi&n thién (CV%).

Nudc thdi vao
BE PIEU HOA <

l BE TAO

= . BE Ky KHf
BEGANMU | ol Comar P ‘
_I__, BE LUC BINH
—’—P —p
® Nudc thdira
Chd thich: ~ -Cdc mii tén chi chiéu ciia dong nudc thdi qua hé thong.

-0, @, ®@: Cé4c diém 14y miu.
Hinh 2. S¢ d6 nguyén Iy hé thdng mé hinh thi nghiém xi Iy nudc thai

Trong thang cudi ciing cla dot 14y miu cudi ciing, ham lugng H,S trong khéng khi tai
di€ém gifta ctia BT (diém 2 trong Hinh 2) dugc do hing ngay bing mot may do khi H,S tu
dong'. Trong m3i 14n do, khodng 5 lit nudc thai dugc 18y tir BT, cho vao mdt X6 nhua c6 dung
tich 10 lit, khudy déu vdi mot thanh gb trong khi dit miéng hit khi cda mdy do tua vao
miéng x6. Hing ngay viéc do khi H,S nay dugc thyc hién 2 Idn vao lic 9 gig sdng va 4 gig
chiéu. M&i 1dn do kéo dai khodng 3 phit. Trong qud trinh do, mdy tw dong hiit miu khi, ghi
nhdn ham Iugng H,S vdi toc d6 1 phép do mdi gidy va hién thi gid tri trung binh ciia cdc
phép do do trén man hinh.

K€t qua va thao luin
Khd ndng ndng cao pH méi trudng ciia tdo Chlorella

Bién thién ciia pH trong méi trudng nudi tdo dugc thé hién trong Hinh 3. Sau 9 ngay
nudi cdy, pH tir khodng 7,8 ting 1én d&n khodng 9,28 va khong ting nita k€ tit ngay thy 10.
Sy gidm d6 kiém cla méi trudng nudi c&y ciing didn ra theo ciing dic diém vé thdi gian
(Hinh 4). B6 kiém bicarbonate gidm tit khodng 3000 mg/L (tinh bing duong lugng CaCOs)
xuong con khodng 1500 mg/L vao ngay thit 9, va sau dé khong gidm nita. Phan tich tuong
quan cho thdy 6 tudng quan nghich rat chit gitta pH méi truding vdi do kidm téng s8 (r = -
0,959) va do kiém bicarbonate (r = —0,966).

K&t qua nay khéng dinh kha ning hdp thu HCO; cita tdo Chlorella trong qud trinh
quang hdp trong bé xit 1y nuéc thai va hé qui cda kha nang nay trong viéc lam ting pH méi
trudng, nhu dd dudc du ki€n trong gid thuyét trén day.
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Hiéu qud xit Iy nudc thdi ciia b€ tdo
K&t qua phén tich cdc chi tiéu chdt lugng nudc thai tai bé tio dugc cho trong Bang 1.
Bang L. Hiéu qua xi¥ I nudc thai cia b€ tde

Chi tiéu Piu vao Piura Hiéu suat
; Trung binh CV% Trung binh CV% (%)
PH 7,11 5,76 9,04 7,02 -
COD 529 161,50 371 67,60 29,86
BOD 296 144,01 211 89,37 28,71
TKN 220 34,26 53 63,12 75,90
NH3;-N 214 38,95 2,14 114,26 99,00
TSS 72 107,42 391 68,78 -

Chi thich:  -T4tcé cédc chi tiéu, ngoai trit pH, dugc tinh bing mg/L.
-M&i tri trung binh thu dudc tit 54 miu phén tich.

T6ng quat, hiéu qué xd 1y chdt 6 nhiém hitu co ciia BT khong cao, do sy tn tai cla
cdc t&€ bao tdo trong nudc thdi sau xit 1y. BE nay chi loai thém dugc khodng 30% COD va
29% BOD ti nu6c thdi da xit 1y ky khi (Badng I). Nhu di dy kién, sy khit nitd dang amoni 12
th€ manh ciia BT, vi n6 loai duge khodng 99% NH; — N. Ham lugng TSS cao trong nudc thai
sau X Iy (trung binh 391 mg/L) bi€u thi m4t d6 tdo cao trong BT va diéu ndy 12 1§ do cdia sy
c6 mit cia BE Luc binh trong hé théng mé hinh thi nghiém.

Khad ndng khéng ché su bay hoi H,S ciia bé tdo

Hiéu qud clia BT trong viéc oxy héa sulphide khong triét d€, vi tai kénh giita cia BT
va trong nudc thdi sau xt 1y, hiéu sua't oxy héa tudng wng chi 8 mic 45% va 55% (Béang I1).
Vi DO trung binh hiing ngay trong BT 1a 6,6 mg/L, c6 thé cho riing sy oxy héa sulphide
thanh sulphate da dugc thuc hién bdi oxy phén t hodc bdi cdc vi khudn hi€u khi, hoic ci
hai, trong BT. Tuy vay, Bang II cho thdy ring ham lugng sulphate 12 thip ¢ ddu vao, hiu
nhu khéng d6i & gitta bé, va ting 1én chiit it & cudi bé. Diéu nay c6 thé dugc gidi thich ring
tdo trong b€ c6 thé da ddng héa mot phin sulphate trong qué trinh sinh trudng cla ching.
N&u nhu khong cé su ddng héa d6, ham lugng sulphate s& phai ting déu tir ddu vio dén diu
ra.

Bai vi pH trung binh trong bé tdo 1a 8,61 trong khi ham lugng sulphide trung binh 12
3,27 mg/L, nén c6 thé tinh dugc [2] him lugng H,S phan t¥ trung binh trong bé 14 0,075
mg/L. Bi€u nay cho thdy s& di ham lugng H,S trong bé bi ha thdp 1a do pH cao chit khong

phdi do su oxy héa. -
Bang II. Ham lugng sulphide va sulphate trong bé t3o
Piu vao Giita BT Piura
Chi tiéu Trung CV% Trung CV% Trung CV%
binh binh binh

Sulphide 4,94 120,53 2,69 127,65 2,19 151,80
Sulphate : 28,05 45,08 28,36 61,63 34,10 142,13
Chi thich: ~ -T4t c céc chi ti€u, ngoai trit pH, dudc tinh bing mg/L.

-M&i tri trung binh thu dugc tit 54 miu phan tich.
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Sy viing mat H,S trong khéng khi trén bé tdo

Toan b9 62 14n do déu khong phat hién H,S trong khong khi trén bé mit BT. Bdi vi
thi€t bi do khi H,S dudc diing trong thi nghiém ndy c¢6 mic phédt hién H,S thdp nhit 1 1
ppm, nén chi c6 thé k&t ludn ring ham lugng H,S trong khong khi trén bé mit BT 1a thap
hon 1 ppm. Trong khi d6, & cdc hd va bé suc khi x{t Iy nudc thdi ché bi&n cao su, ham lugng
H,S trong khong khi thudng nim trong khodng tit 10 d&n 40 ppm [1], [9].

K&t ludn

Viéc sit dung bé tdo Chlorella trong budc xi 1y thit cdp cia mdt nude thdi c6 ham
lugng chat 6 nhiém hitu cd cao c6 thé gitip khong ch€ su bay hoi ciia H,S trong qud trinh x&
1¥, vi nhitng 1y do sau:
(i) Dudi 4nh hudng clia sy quang hdp do tdo Chlorella, pH clia nudc thdi dang xif Iy s& dugc
nang cao, tir d6 1am ting cudng sy ion héa cia H,S dén mitc khdng tdn tai HpS phén tif trong
nudc thdi dang x{& 1y.
(ii) Su suc khi va su khudy tron lién tuc 12 khong cin thi€t d5i véi BT, trong khi ching
khong thé thi€u trong nhitng cong nghé xit 1y hi€u khi hién hanh. Pay 13 di€ém hon hén cia
BT trong viéc khong ch€ H,S, vi hai hoat dong d6 tao diéu kién thuén 1gi cho sy bay hdi ciia
H,S ra khdi nudc thai, n€u né c6 tdn tai trong do.

THE CONTROL OF HYDROGEN SULPHIDE EVAPORATION
IN THE TREATMENT OF WASTE WATER
BY PHOTOSYNTHESIS OF CHLORELLA

Nguyen Ngoc Bich, Lam Minh Triet

ABSTRACT: Within two years in operation, a pilot-scale High Rate Algal Pond (HRAP) of
5 m’/day flow rate showed its ability in eliminating the evaporation of hydrrogen sulphide
during its treatment of anaerobically treated natural rubber processing waste water.
Chlorella sp. was the alga used in the HRAP. The waste water was having a dissolved
sulphide concentration of about 5.00 mg/L. At the centre of this HRAP, about 55% dissolved
sulphide still remained, but the concentration of hydrogen sulphide in the air above the
HRAP was less than 1 ppm. The dissociation of hydrogen sulphide in the basic medium
caused by photosynthesis by Chlorella sp. in the HRAP was believed to have suppressed the
emission of gaseous hydrogen sulphide during the treatment.

Keywords: odour, hydrogen sulphide, photosynthesis, algae, HRAP, dissociation
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