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Tom tit: Pyrite — thanh phdn cdu tao chinh trong dat phén (acid sulfate) — dwegc phdt hién
rang cé thé phan hiy cdc chit é nhiém hitu co nhw trichloroethylene, chlorobenzene (20, 21).
Tuy nhién, co ché lién quan dén qud trinh ndy Van chua 1d rang. Bai bao nay nham muc dich
nghién citu xem tai sao pyrite c6 thé lam dwoc nhiém vu dé. Két qua nghién ciwu trong phong thi
nghiém da phat hién ra géc hydroxyl ((OH) dwoc san sinh tir pyrite dwei nhitng diéu kién khac
nhau. Pady la géc tw do rat manh, c¢é thé phan hiy rat nhiéu loai hop chat hitu co. Lwong .OH
tao thanh dwoc tinh todn bang cdch so sanh gitta heong géc tir do tao thanh do pyrite Véi géc tu
do sinh ra tir dung dich hydrogen peroxide (H,Oo) Vi chat xiic tac [ horseradish peroxidase
(HRP) (Mot loai enzyme dwoc Am thdy trong cdy cdi ngwa). Trong dung dzch pyrite dudi diéu
Kién hiéu khi, heong .OH dwoc gidi phong tang [én theo thoi gian. Cdc goc tw do duoc tich triv
trong dung dich nude theo thoi gian. Duéi diéu kién ky khi, s6 lwong goc tie do sinh ra 14 khong
dang ké so véi lwong sinh ra trong diéu Kién hiéu khi. Anh hwéng cia cdc nong dé khi oxy ban
ddu 18n sy phdt sinh cdc goc tw do duoc thay rd rang sau 168h phan img. O giai doan dau khi
khi oxy van con ton tai trong hé thong, s6 lwong goc hydroxyl dwoc sinh ra la tuong t nhau doi
VGi tdt cd cac nong dé oxy ban dau khdc nhau. Tuy nhien trong giai doan sau, khi khi oxy duoc
tiéu thy boi cdc phan ing oxy hod pyrit, hé théng c6 nong dé oxy ban dau cao hon se ¢ phat hién
ra nhiéu goc tw do hon. Sy phdt sinh goc hydroxyl c6 thé néi da déng vai trd cot yéu trong viéc
stk dung pyrit dé giam thiéu cdc chat é nhiém hivu co.

1. Gioi thi¢u nhom  chic  purine  (CsHsN;) 2

Mot sb nghién cou dd tim ra hydrogen
peroxide (H,0,) va gbc hydroxyl ((OH) tao
thanh tur pyrit (FeS,) va pyrit chira than (1, 2,
3, 4,9, 10, 11, 12, 17) Pyrit hay pyrit chtra
than duoc bao cédo rang c6 thé hinh thanh
hydrogen peroxide mot cach tu phat khi dé
vao trong nudce. (1, 4, 12). Sau do, nguoi ta
phét hién ra gbc hydroxyl dugc sinh ra tir
khoéng pyrit (4, 9, 10, 11, 12). Gbc nay la goc
c6 kha niang phan tng manh nhat trong tit ca
c4c loai oxygen phan tng. N6 c6 thé oxy hoa
nhiéu loai hop chat hitu co. (44, 43, 27, 18,
29, 42)

DPé nhén ra su hién dién cua .OH, nhiéu
nghién ctru da sir dung cac hop chat hiru co dé
tham gia vao qué trinh oxy hoa voi cac gbc
nay nhu 13 céng cu nhan biét su tao thanh céc
gdc tu do nay. Berger va cong su (2) sir dung
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deoxyribonucleosides va DNA nhu la cong cu
nhan biét sy tao thanh cac gbc tu do. Pyrit
dugc tim thay nhu mot chat ¢ kha ning phan
ung hydroxyl héa nhém chuc guanine
(CsHsNsO) cia DNA. Cohn va cong su (11,
12) sir dung RNA dé phat hién ra cac goc tu
do tao thanh tir pyrit va pyrit chira than. Trong
nghién ctu cua ho, RNA 6n dinh khi
hydrogen peroxide; trong khi d6, mot lugng
RNA mét di khi c6 sy hién dién cua sit va cac
g6c hydroxyl. Than va pyrit phan tng tich cuc
nhét ca trong phan hiy RNA va tao thanh gbc
hydroxyl. Than chira FeS, tao ra goc ty do va
phan hay RNA. Nhimg mau than khong chira
pyrit khdng san sinh ra duoc gbc tu do ciing
nhu khong phan hily RNA. Nong do gdc tu do
dugc tao ra va toc do phan huy RNA déu ting
Ién néu than chtra luong 16n FeS,.



Tuy nhién, co ché ciia gdc hydroxyl sinh ra
tir pyrit van chua duoc 18 rang. Borda va cong
su (4) dua ra rang phan ung giita H,O hap thu
va Fe(ll1) tai mot vi tri thiéu hut S, trén bé mat
pyrit tao ra mot géc hydroxyl hép thu (OH:4s)
theo co ché bén dudi. Sy hién dién cta Fe(III)
trén bé mat pyrit va su chuyén héa Fe(Ill)
thanh Fe(ll) tai cac vi tri thiéu hut S d& duoc
béo cao boi Nesbitt va cong su. (34, 35).

=Fe(IIl) + H,0,4s > =Fe(Il) + OH: 54 + H

Gia thuyét tha hai cho cac gbc hydroxyl
sinh ra tir pyrit 12 cac géc hydroxyl dugc bién
d6i tir hydrogen peroxide (12). Nhung gia
thuyét khac cho su phat sinh cac goc tu pyrit
la cac phan mg hép thy oxy trén bé mat pyrit
trong suét qua trinh oxy hoéa pyrit tao ra gbc
hydroxyl (1, 37).

Géc tu do dugc sinh ra tir cac phan g trén
bé mit pynt vi vy bé mit phu boi hop chit hiru
co ¢6 thé anh huong dén sb lugng goc ty do sinh
ra. Hao va cong su (17) bao cao rang lipit gidi
han bé mat hay lipit hap thu trén bé mat pyrit co
thé chin mot cach dang ké qua trinh oxy hoa
pyrit dugc xuc tac boi A.ferrooxidans. Bén canh
do, Cohn va cong sy (11) phat hi¢n ra réng khi
pha lipit 18n bé mit pyrit, phan ¢mg phan huy
RNA cham hon déng ké.

C6 mot s6 bao céo vé viéc giam thiéu gdc
hydroxyl cia hgp chét hitu co, trong d6 mot
s6 chat phan tmg phat sinh gdc hydroxyl dugc
st dung, nhu Fenton (25), UV/H,0, (19),
03/H,0, (14) va quang phan (36, 38). Quéa
trinh oxy hoa cta cac hop chét hitu co bang
phan tmg Fenton c6 thé giai thich bang co ché
chudi ciing nhu khong chudi (31, 23), hodc bang
co ché géc tu do (46), hoac béng su tao phirc
(24). Céc gbc hydroxyl c6 thé oxy hoa chat hitu
co (RH) bang cach rut ra cac proton tao thanh
gdc hitu co (Re), n6 ¢6 hoat tinh va kha ning
oxy héa manh hon (27, 43, 44). Néu nong do
cha cac chat phan ung khong gidi han, cac chat
hitu co c6 thé hoan toan duoc khir bang cach
chuyén hoéa toan bd thanh CO,, nudc va Cac
mudi vo co néu viée xir Iy van tiép tuc.

RH + OHe — H,0 + Re — oxy hoa manh
hon

Cac gbc hydroxyl c6 thé thém vao mach
thom hodc vong khac (ciing nhu vao nhitng

lién két chua no cia anken hodc ankin. (18)
H OH H OH

COOH
Q OH OH OII

COOH

Trai nguoc voi hau hét cac chat oxy hoa
khac, phan ung ctia .OH v&i chat hitu co ¢o
chaa C-H hay C-C da lién két thuong duoc
tién hanh voi hing sé tbc do gan bang gidi
han khuyéch tan (6), va do d6 tc d oxy hoa
thudng bi han ché boi tbe do hinh thanh .OH
va canh tranh béng chit don sach .OH khac
(chat don sach 1a chat hoa hoc duoc thém vao
hén hop dé loai bo hay khir hoat tinh cac tap
chat hodc cac san pham phan tmg khong mong
mudn), chtr khéng phai bang kha ning phan
mg vbn c¢6 voi chit oxy hoa. Chat don sach
canh tranh thuong phéan huy carbon hitu co va
chinh nhiig chéat phan tng tao .OH. (vi du
03, H,0,) (22). .OH 1a mot gdc c6 kha ning
phan Gng vo&i nhidu hop chat hydrocarbon,
nhung phan tng thap nhat véi nhu‘ng hop chat
béo polyhalogen hoa (15). Mot s6 hop chit,
dic biét 12 nhitng hop chat chtra nhiéu halogen
hodc nguyén tir oxy va vai nguyén ti hydro,
phan Gng vo6i .OH kha cham, hoac trong
truong hop d6i v6i nhing hop chat
perhalogen héa. (6, 26). Trong nhing truong
hop nay, toc d6 va hiéu qua oxy hoa co thé
thép, tham chi trong nudc sach co chira ham
luong thép cac chét don sach.

Viéc phat hién gbc hydroxyl trong dung
dich nuéc thuong dugc thyc hién béng
phuong phép tiéu chuan vé chat don sach cac
goc tu do (4, 28, 30, 42) hodc su két hop cong
huong xoay electron (ESR), ky thuat bay xoay
(spin-trapping) va chat don sach. Phuong phap
méi khac dé xac dinh s6 luong gdc hydroxyl
dugc tim thay boi Setsukinai va cong su (40),
su dung 3'-(p-aminophenyl) fluorescein (APF)
dé xéac dinh sy phét sinh ciia cac loai oxy phan
ung. Cohn va cong su (9, 12) da ap dung
thanh cong phwong phap nay dé xac dinh sb
lugng goc tu do sinh ra tir pyrit va pyrit chira
than. Ho d& so sdnh mét so k¥ thuat dua trén
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huynh quang dé dinh luong cac gdc hydroxyl
sinh ra hat va két luan rang APF 1a thiét bi do
hitu dung nhét trong s cac thiét bj do duoc
dau tu cho viéc danh gia cic gbc hydroxyl
hinh thanh tir cac huyén phl hat té bao tu do
dua vao do nhay va do chon loc cta no.

P4 c6 bao céo vé gdc tu do tao nén tir pyrit.
Tuy nhién, co ché ciing nhu diéu kién hinh
thanh gdc tu do trong dung dich nudc pyrit
van con chua 6 rang. Vi viy, muc tiéu cia
nghién ctru nay 1a dé diéu tra su phét sinh cia
.OH trong huyén phu pyrit dudi diéu kién oxy
khac nhau dé xac dinh nhiing tac dong cta oxy
dén s6 luong phat sinh .OH. Nghién ciu da
thuc hién moét loat cac thi nghiém trong phong
thi nghiém. Géc .OH dugc do bang phuong
phap huynh quang sir dung 3"-p-aminophenyl
fluorescein (APF) nhu chit chi thi.

2. Vatliéu va phwong phap

Vit liéu. Khoang pyrit dugc ldy tir mo
Yanahara, Nhat Ban. Khoang pyrit st dung
trong nghién ctu nay coé kich thudc hat
khoang 20 dén 38 um va dién tich bé mit
rieng 1a 0.2 m?%g. APF (3 -p-aminophenyl
fluorescein) 5 mM dugc mua tor Cong ty
Daiichi, Nhat Ban. Cai ngua peroxidase
(HRP), dung dich H,O, (30%), Kkali
permanganat (KMnO4) va oxalat natri vai do
tinh khiét cao nhit dwoc mua tir Cong ty
Wako, Nhat Ban.

Phwong phap. Pyrit dugc cho vao céc lo
thiy tinh c6 thé tich 26 ml, c6 nip ddy bang
silicone. Cho vao lo 10 ml dung dich dém kali
phosphate (50 mM, pH 7.4), va 1g pyrit, tiép
theo cham vao 20 pl APF (tao thanh dung
dich APF c¢6 néng do 10 uM), sau do cac lo
duoc bit chat nép. Néng do oxy ban dau duge
diéu chinh bang cach thay thé thé tich twong
duong cua khoang thiéu khi trong cac lo déng
kin vai 1,2 va 5ml khéng khi. Nhiing lo co
16ml khéng khi cé nghia 1a khong khi ban dau
bén trong lo giéng khong khi khi quyén. Cac
lo d& chuan bi xong dugc dat trén mot sang
rung lic va rung véi téc do6 400 vong/phat, &
25 °C trong bong t6i. Sau cic khoang thoi
gian cu thé, dung dich nudc duoc loc béng
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cach st dung mang vi loc (0.45 um). Cuong
d6 huynh quang dugc do bang cach sir dung
mot quang phd huynh quang. Phuong phép thi
nghiém voi dung dich H,0, dé xdy dung
duong cong hiéu chudn d4 duoc trinh bay
trong bao céo cua Setsukinai va cong su (40).

3. Két qua va thao luin

Goc hydroxyl san sinh tir H,0, dé xay

dung dwong cong hiéu chuan.

Pé xac dinh gdc hydroxyl sinh ra tir huyén
phu pyrit, truéc hét xay dung dudng cong hiéu
chuan. Duong cong hi¢u chuan dugc thuc
hién bang cach do cudng d6 huynh quang cua
néng dd H,0, di biét, v4i sy hién dién cua
HRP va APF. H,0, vé4i xuc tac 1a HRP tao ra
.OH. B¢i vi hiéu qua cua sy phat sinh .OH tir
H,0, la khéng rd, do do, néng do .OH duoc
coi 1a twong dwong véi nong do H,O, Véi su
hién dién cia HRP. Hinh 1 cho thdy két qua
thir nghiém da thu duogc, cuong dd huynh
quang ting cung v4i su gia ting cua ndng do
H,0,. Chi v&i HRP va APF (H,0, =0), c6 thé
phat hién ra mét luong nho cuong d6 huynh
quang, gilp phan anh dugc su hinh thanh tu
phat ciia .OH. Tuy nhién nhitng dau hiéu nay
van thip hon 5% nhiing d4u hiéu sinh ra véi
sy hi¢n dién cua 8uM H,0,. Su tuong quan
nong d6 H,0, véi cuong d6 huynh quang do
dugc s€ dugc st dung dé tinh lugng géc
hydroxyl sinh ra tir hé théng pyrit.

10 1 1 1 1 !

—— y=-0.021511 + 00015071 R 0.98773 |

HO (M)

2 2
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Hinh 1. Cuong do huynh quang do dwoc tie
cac hé thong c6 chita 10 um APF, 4.5 don
vi/ml HRP va cac nong dé H,O, khac nhau,
trong 50 mM dun dich dém phosphate, pH 7.4.



Clro’ng do huynh quang sinh ra tir
huyen phu pyrit duéi cac diéu kién ky Kkhi
va hiéu khi

Cuong d6 huynh quang sinh ra tir huyén
phu pyrit dudi cac diéu kién ky khi va hiéu
khi d& duoc diéu tra dé 1am rd vai trd cia oxy
trong su hinh thanh .OH. Nhu d& trinh bay
trong Hoa et al. (20), voi su gia ting ndong do
oxy tir ky khi dén tinh trang bdo hoa (twong
duong v&i khong khi), toc do suy giam cua
TCE ting 1én. Vi vy, sb luong gbc ty do sinh
ra trong dung dich pyrit nuéc dudi diéu kién
Ky khi va hiéu khi dugc do dé hiéu sau hon vé
co ché lién quan dén phan ung pyrit. Bo thi
nghiém nay duoc theo d6i trong sudt 170h.
Céc két qua thu dugc cho thy trong hinh 2.
Trong diéu kién ky khi, cuong do huynh
quang dugc phat hién voi khéi lugng nho
trong 30h dau tién. Tur cac thi nghiém giai
doan sau, huynh quang duéi diéu kién ky khi
thu dugc khoang 600 (a.u). Tuy nhién, trong
hé thong pyrit hiéu khi, huynh quang ting 1én
dang ké cling vai thoi gian rung. N6 d4 nhanh
chéng san sinh trong 48h dau tién, dat 5000
(a.u), tu d6 tré di tang cham, dat 5600 (a.u)
sau 168h rung.
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Hinh 2. Cuong do huynh quang do duoc tir
hé thong pyrit (20m%/L), duéi diéu kién hiéu khi
va Ky khi. Biéu kién hiéu khi ¢6 oxy ban diu
twong drong véi khéng khi trong khi quyén.

Luong .OH sinh ra tir hé théng pyrit d
dugc tinh toan bang cach sir dung dudng cong
hiéu chinh H,0,. Két qua tinh toan dugc thé
hién trong hinh 3. Nong d¢ cta cac goc tu do

dugce trinh bay tuong dwong ndng do cia
H,0, (UM H,0,), do hiéu qua cta cac goc tu
do sinh ra tir H,O, trong dung dich HRP chua
dugc 0. Géc tu do sinh ra trong dung dich
pyrit hiéu khi nhanh chéng ting tir 1.5 pM
dén 7.7 uym H,0, trong vong 44h va ting
cham dén 10.2 uM H,0, trong vong 168h
phan tmg. Trong dung dich pyrit ky khi, gbc
ti do tang tir 0 dén 1 uM H,0, trong qué trinh
thi nghiém, khong dang ké so v&i diéu kién
hiéu khi.
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Hinh 3. Gdoc hydroxyl sinh ra tir céc hé thong
pyrit (20m?/L) duwdi diéu kién hiéu khi va Ky khi
duorc tinh toan voi nong do H,O, twong duong.

Hinh 4 cho thy nhiing anh huong cia
nong do oxy ban dau ddi voi san phadm céc
gdc tu do. Trong bo thi nghiém ndy, dung dich
pyrit dudi nhimng diéu kién oxy ban dau khac
nhau va su hién dién cua APF duogc do vdi
cuong do huynh quang sinh ra. Dt liéu cuong
do huynh quang dugc theo dbi ¢ hai khoang
thoi gian, sau 21h va 168h rung lic. O khoang
21h, cuong d6 huynh quang cta lo 1, 2, 5 va
16 ml khong khi 1a tuong ty nhau, trung binh
923 (a.u). Chi c6 cuong d6 huynh quang cua
10 phan tng ky khi 12 nho hon dang ké, thap
hon 10% nhitng hé théng khac. Sau khi rung
168h, huynh quang sinh ra tir tat ca cac hé
thdng ting 18n so véi dir liéu 21h. Tuy nhién,
cuong do huynh quang trong diéu kién ky khi
van con nho dang ké so véi nhiing diéu kién
khac. Vao khoang thoi gian nay, cd thé thay
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rang voi ndong do oxy ngdy cang ting, cudng
d6 huynh quang cang ting. C6 thé rang cac
goc tu do duoc sinh ra tir phan Gmg oxy hoa
pyrit bang oxy (1, 37). Phan ting oxy héa pyrit
Ia qué trinh cham, vi vay sy hinh thanh .OH
cling la qua trinh cham. Sau mét giai doan
ngan phan ing (chang han nhu 21h), oxy van
con trong tit ca cac hé thong chtra oxy. Vi
vay, gbc hydroxyl sinh ra gan nhu tuong tu
V6i cac ndong do oxy ban dau khac nhau. Tuy
nhién, sau khoang thoi gian dai phan Gng (nhu
168h trong truong hop nay), mot lugng 16n
oxy d& bi tiéu thu baoi phan Gng oxy hoa pyrit,

6000

c6 thé cong nhan su khac bi¢t vé sb lugng géc
hydroxyl sinh ra.

4. Kétluan

Géc hydroxyl dugc tim thiy trong dung
dich nudc pyrit bang cach s dung phuong
phap huynh quang. Sy hinh thanh goe tu do
phu thudc vao nong do oxy trong cac hé¢
thong Trong diéu kién ky khi, s6 luong céac
gdc tu do sinh ra 1a khong dang ké so véi cac
diéu kién hiéu khi. Chéat oxy hoa manh mé nay
c6 thé giai thich cho phan mg phan hay cua
cac hop chat hiru co trong huyén phd pyrit
hiéu khi.
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Hinh 4. Anh huéng ciia néng dé oxy ban dau 1&n sy hinh thanh géc tw do
trong cac dung dich nwéc pyrit (20m?/L)
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Abstract
HYDROXYL RADICAL (.OH) GENERATED DURING OXIDATION
OF PYRITE (FES))

Pyrite — the main composition in acid sulfate soil — was found able to degrade organic
pollutants such as trichloroethylene, chlorobenzene. However, the mechanism involve in this
process still unclear. This paper aimed to explore why pyrite able to do this job. The laboratory
study detected hydroxyl radical (.OH) produced from pyrite suspension under different
conditions. This is very strong radical, which can degrade several types of organic compounds.
Quantity of .OH was calculated by comparing radical generated from pyrite suspension with
the radical produced from hydrogen peroxide (H,O,) solutions catalyzed by horseradish
peroxidase (HRP). In pyrite solutions under aerobic condition, amount of .OH released
increased with time. There was accumulation of radical in aqueous solution with time. Under
anaerobic condition, amount of radical produced was insignificant compare to the amount
produced under aerobic condition. The effect of different initial oxygen concentrations on the
production of radical was visible after 168h reacted. At the beginning stage when oxygen was
still available in all systems, the amount of hydroxyl radical produced was similar for all
different initial oxygen concentrations. However, at the later stage when oxygen was consumed
by the pyrite oxidation reactions, the system has higher initial oxygen concentration, the more
radical was detected. The generation of hydroxyl radical can play the central role in using
pyrite to degrade organic pollutans.
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