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ABSTRACT

The main objective of this study was to evaluate the efficacy of spent coffee grounds
as carrier material to immobilize propoxur degrading bacteria strain, Paracoccus
sp. P23-7 on degradation of propoxur in soil collected from shallot cultivation soil
in Vinh Chau, Soc Trang province. Wood biochar and spent coffee grounds were
used as two carrier materials to compare their function on immobilization and
degradation capacity of propoxur in soil. Cow manure, azolla, milled eggshell and
domestic charcoal were materials used to amend into the soil. Soil bacterial and
fungal numbers and remained concentration of propoxur in soil were determined at
day 0, 1, 3, 5, 7 and 11 of the experiment. The results showed that degradation of
propoxur in soil by Paracoccus sp. P23-7 was more effective when this bacterial
strain was immobilized in spent coffee grounds than in wooden biochar. The
treatment amended with 1% milled eggshells (w/w) or 1% biomixture including
cow manure, azolla, milled eggshell and domestic charcoal had higher propoxur
degradation than other treatments. The results allowed us to conclude that spent
coffee grounds could be reutilized as carrier material to immobilize Paracoccus sp.
P23-7 strain to enhance the degradation of propoxur in soil and degradation result
would be even much better if the soil was amended with either 1% milled eggshells
or 1% biomixture. These materials can be used as soil amender or soil conditioner
to accelerate the efficacy of bioremediation technology in cleaning up the
contaminated s0il.

TOM TAT

Muc tiéu cua nghién ciru nham déanh gid hiéu qud cia ba ca phé lam chat mang
thay thé biochar c6 dinh vi khudn Paracoccus sp. P23-7 gitp gia tang toc dé phdn
hity propoxur trong dat trong hanh tim ¢ Vinh Chau, Soéc Trang. Biochar va bd ca
phé (BCP) la chit mang trong thi nghiém. Phén bo, béo hoa ddu, v trimg va xi
than t6 ong la vt liéu bé sung vio dat. MGt s6 vi khudn, nam va nong dé propoxur
trong ddt ¢ cdc thoi diém 0, 1, 3, 5, 7, va 11 ngay duwoc thu thip. Két qud cho thdy
dong vi khudn Paracoccus sp. P23-7 ¢6 dinh trong bd ca phé cho hiéu qud cao hon
s0 voi biochar trong phdn hity propoxur trong dat. Ngodi ra, nghiém thirc bon vo
trung (1%) hodc hon hop phan bo, béo hoa ddu, vo trimg va xi than (1) giip gia
tang hiéu qud va toc do phan iy propoxur boi dong Paracoccus sp- P23-7 co dinh
trong ba ca phé so voi cac nghiém thirc khac. Tom lai, ba ca phé co thé sir dung dé
6 dinh vi khuan Paracocus sp. P23-7, gitp gia tang toc do phan hiy propoxur
trong dat va két hgp bon vo trimg (1%) hodc hon hop hitu co gom phdn bo, béo hoa
dau, vo trimg va xi than (1%) la mot trong nhiing bién phdp tac dong nham gia
tdng téc dg phdn hiyy propoxur trong dat.

Trich din: Nguyén Khoi Nghia va Trn Thi Anh Thu, 2017. Hiéu qué phan hily hoat chét thudc trir sau
propoxur trong dat cua dong vi khuan Paracoccus sp. P23-7 ¢0 dinh trong b ca phé. Tap chi
Khoa hoc Truong Pai hoc Can Tho. 52b: 31-40.
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1 GIOI THIEU

Tién trinh cong nghiép hoa va hién dai hoa da
sir dung kim loai ning ciing nhu cac doc chit hitu
co tong hop din dén vin d& 6 nhiém méi truong
dat (Akhtar et al., 2003; Bayat and Cappello,
2015). Viéc 6 nhidm moi truong dét boi cac san
pham dau khoang, hop chét dugc phém chloro va
nitrophenol, cac hop chat PHAs, thudc nhudm hiru
co, thudc trir sau va kim loai ning dang dién bién
phirc tap va nghiém trong. Nhing doc chit nay di
vao mdi truong bang nhidu cach khac nhau. Tai
nan dau, su r0 ri va tran dau da dan dén viéc 6
nhiém dau khoang trdm trong trong hé sinh thai
(Chatterjee and Lefcovitch, 2010; Lade et al.,
2015). Ngoai ra, thuéc bao vé thuc vat la mot
ngudn 6 nhiém khac chiém mot lwong 16n trong
téng ddc chat hién dién trong dat. Khoang 2,36
triéu tn thudc bao vé thuc vat duoc tiéu thu hang
nim trén toan cdu cho hoat dong ndng nghiép
(Moreno-Medina et al., 2014). Cac hop chét thude
bao v¢ thyc vat nay duoc st dung trong mot thoi
gian dai & mot dién tich nhat dinh dan dén su x4o
tron vé thanh phan sinh vat ban dia va anh huong
dén strc khoe con ngudi do thudc bao vé thuc vat
thuong co6 do doc cao khong chi cho dbi twong
phong tri ma con doc cho ca dbi tugng khéng
phong tri (Roberts and Karr, 2012; Mesnage et al.,
2014). Thém vao d6, nhidu san phiam phan hiy
trung gian trong tién trinh phan huy sinh hoc thudc
bao vé thyc vat cling gay doc, vi duy, san phém
trung gian cua parathion va 2,4-dichloropenoxy
acetic acid 1an lugt cho ra san phdm trung gian la
p-nitrophenol and 2,4-dichlorophenol (Liu et al.,
2007; Herrera et al., 2008; Wojcieszyriska et al.,
2008). Nhiéu bao céo cho thiy nhiéu vi sinh vat ¢6
kha niang phan huy sinh hoc nhiéu doc chét khac
nhau trong dit. Tuy nhién, tdc do phan hiy sinh
hoc phu thudc rat nhiéu vao giai doan sinh 1y cua vi
sinh vat, trong khi vi sinh vét rat nhay cam voi sy
bién dong cua cac yéu td méi truong (Kaczorek et
al., 2013; Lade et al., 2015).

Viéc ¢b dinh vi sinh vat trong chit mang duoc
biét dén nhu 13 bién phap hiru hiéu trong viéc gitp
vi sinh vat chéng lai su thay doi bat loi cua diéu
kién moi truong (Wasilkowski et al., 2014;
Wojcieszynska et al., 2013). Hién tai, ngay cang c6
nhiéu nghién ctru chimg minh hiéu quéa cua phwong
phap c6 dinh t& bao vi sinh vét bang chat mang
gitp gia tang tién trinh xir 1y sinh hoc dat 6 nhidm
v&i doc chat hitu co. Viée ¢d dinh vi sinh vat duoc
xem 4 bién phap nham giéi han kha ning di dong
clia té bao vi sinh vat ty do va enzyme tham gia
vao tién trinh phan huy doc chat, dong thoi bao

32

Tap 52, Phan B (2017): 31-40

toan kha ning sdng sot ctia vi sinh vat va cac chirc
nang tham gia vao tién trinh phan huy doc chit cua
enzyme (Kourkoutas et al., 2004; Guzik et al.,
2014a; Guzik et al., 2014b; Guzik et al., 2014c).
Tién trinh nay cé thé sir dung ban chét tu nhién cua
vi sinh vat dé hinh thanh biofilm trén bé mit chét
mang va biofilm thudng dwoc tim thiy rit nhiéu
trong moi truong tu nhién. Viée dung cong nghé ¢
dinh vi sinh vat bang chit mang gitp giam chi phi
dang ké trong tién trinh xir 1y sinh hoc va gia ting
hiéu lyc xir Iy doc chat. Phuong phap nay mang
dén nhiéu wu diém cho viéc xur ly sinh hoc dat 6
nhiém nhu gia tang hiéu qua phén huy doc chat,
cho phép két hop nhiéu tic nhan xuc tic sinh hoc
lai v6i nhau va giam duogc chi phi trong tién trinh
chudn bi vi sinh vét. Cac nghién ctru trude day cho
thdy biochar con c¢6 chirc ning nhu mot gia thé cua
sur séng nham bao vé vi sinh vat khoi su tn cong
cua cac sinh vat khac (Pleasant, 2000). Do do,
biochar dugc dé nghi st dung nhu 14 chat mang
dung cho viéc ching vi sinh vat c6 lgi vao trong
dat, trong d6 c6 vi sinh vét phan hay hiéu qua
thudc bao vé thuc vat. Ngoai ra, nghién cuu cua
Nguyén Khéi Nghia va ctv. (2015a va 2015b) cho
thdy viéc c¢b dinh dong vi khuan Paracoccus sp.
P23-7 vao trong chit mang biochar go giap gia
tding phan huy sinh hoc hoat chat thube trir sdu
propoxur trong moi truong nudi ciy long va dat rat
hiéu qua khi so v6i bién phap ching té bao ty do.
Tuy nhién, biochar 1a vat liéu dat tién va khong dé
dang san xudt, viéc tim ra mot vat lidu hiru co thay
thé biochar nhung c6 cung chirc ning, ré tién va dé
tim 1a can thiét. Bi ca phé dugc xem nhu 1a mot vat
lidu c6 thé dap ung dugc cac yéu cau nay. Do do,
nghién ctu nay dugc thyc hién véi muc tiéu danh
gia va so sanh hi€u qua cta biochar va ba ca phé
nhu 13 vt liéu hitu co lam chit mang dé ¢6 dinh vi
khuan Paracoccus sp. P23-7 1én tbc d6 phan hiy
hoat chit thudc trir sdu propoxur trong dét va tim ra
bién phap tac dong gitp gia ting toc d6 phan huy
Propoxur trong dét.

2 PHUONG TIEN VA PHUONG PHAP

2.1 Thi nghiém 1: So sanh hi¢u qua cua hai
chat mang biochar va ba ca phé dung co dinh vi
khuén Paracoccus sp. P23-7 1én kha nang phén
huy hoat chat propoxur trong moi truong dat

2.1.1 Nguén vi khudn

Dong vi khuan Paracoccus sp. P23-7 phan hiy
chuyén biét va hi¢u qua hoat chat thudc trir séu
propoxur dugc phéan lap tir mau dat trong kho bao
quan hanh tim tai khu vyc canh tac hanh tim &
Vinh Chau, tinh Séc Tring (D6 Hoang Sang va
ctv., 2014) dugc trir trong ti dong.
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2.1.2  Nguon biochar va cach chudn bi biochar
cho thi nghiém

Biochar rac d6 thi dugc cung cp tir cong ty san
xudt Biochar (Vina Energy Group, thanh phd Ho
Chi Minh) (tham khao Nguyén Khéi Nghia va ctv.,
2015a vé cach chuan bj biochar cho thi nghiém).

2.1.3 Nguon ba ca phé va cach chudn bi bd ca
phé cho thi nghiém

Ba ca phé dugc thu gom tir quan ca phé trong
khu vye thanh phd Can Tho. Ba ca phé sau khi thu
vé duge rira dudi voi nude 6 1an. Muc dich cua
viéc rira bd ca phé trude khi bd tri thi nghiém 1a
nhiam loai bé mau den cua ba ca phé giup cho viée
quan sat sy phat trién vi khudn Paracoccus  sp.
P23-7 ty do trong mdi trudong nudi cay long o
nghiém thtrc bd sung bi ca phé dé dang. Ba ca phé
sau khi rira sach duoc séy kho kiét & 105°C qua
dém, sau do, dugc san qua rdy 2 mm. Luong ba ca
phé nam trén ray duogc dung dé bd tri thi nghiém.
Can 0,5 g (trong lwong kho) ba ca phé cho mdi
nghiém thtrc vao gidy nhém, tiét tring & 121°C
trong 20 phut.

2.1.4 Cdch chuan bi nguon vi khuan dang té
bao tir do

Dong vi khuan Paracoccus sp. P23-7 duge nudi
trong binh tam giac 100 mL chira 30 mL dung dich
GYE trén may lic tron voi toe do 100 vong.phit!
trong 5 ngdy va trong t6i. Thanh phan cia moi
truong GYM trong 1 L dung dich bao gém: 10 g
glucose va 10 g yeast extract. Sau d6, sinh khéi vi
khudn dugc thu hoach bang cach ly tam 10.000
vong.phit! trén may ly tm trong 5 phat. Lip lai 4
lan rira v6i nude khir khoang tiét tring nham loai
b6 hoan toan dinh dudng va ngudn carbon con sét
lai trong moi truong nudi céy. Hiéu chinh @ duc
ctia dung dich chtra vi khuén vé6i nuéce khir khoang
tiét trung bang may do quang phd vé OD 600 nm =
0,7 (3x10% CFUs x mL"") (tham khao Nguyén Khéi
Nghia va ctv., 2015a cho phuong phap xac dinh
mat s6 vi khuan trude khi bo tri thi nghiém).

2.1.5 Cach chudn bi vi khudn cé dinh trong
biochar va ba ca phé

Quy trinh chuén bi biochar va bi ca phé ¢ dinh
vi khuan Paracoccus sp. P23-7 dwoc thyc hién nhu
sau: 0,5 g biochar va ba ca phé (trong luong kho)
sau khi duoc rira sach, sdy kho ¢ trong tu sdy
105°C qua dém va tiét truing & 121°C trong 20 phut
trong may ti¢t trung udt, sau d6 cho vao binh tam
giac ti¢t trung 100 mL chira 24 mL dung dich
khoang t6i thiéu bd sung 30 ppm propoxur (san
pham cta Dr. Ehrenstorfer GmbH, Puc), va 1 mL
dung dich vi khuan da dwoc chuan bi sin ¢ muc
2.1.4 c¢6 mat s6 3x10® CFUs x mL"'. Thanh phan
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clia mdi truong khoang tbi thiéu trong 1 L dung
dich, quy trinh thu biochar/xi than chtra vi khuan
Papacoccus sp. P23-7 va quy trinh dém mat s6 vi
khuén Paracoccus sp. P23-7 ¢6 dinh trong biochar
va ba ca phé tham khao Nguyén Khaoi Nghia va ctv.
(2015a).

2.1.6 BO tri thi nghiém

Mau dat:

Mau dat ding cho bd tri thi nghiém dwoc thu
thap tir nén dat co thoi gian canh tac hanh tim 30
nam tai xa Vinh Hai, thi xd Vinh Chau, tinh Séc
Trang. Cach xtr Iy mau dit va mot sé dic tinh Iy
hoa hoc d4t dau vu tham khao Nguyén Khoi Nghia
va ctv. (2015a).

Nghiém thirc thi nghiém: Thi nghiém dugc bd
tri theo thé thirc hoan toan ngiu nhién véi 3 lan lap
lai cho mdi nghiém thirc va kéo dai trong 11 ngay
dudi diéu kién phong thi nghlem Nong do6 ban dau
ctia Propoxur 1a 80 mg.kg™!, luong dét cia mdi lap
lai tvong Umg 50 g tinh theo trong luong kho kiét.
Téng mat s6 vi khuan ctiia mau dat trude khi bb tri
thi nghiém dat 0,21 x 107 CFUs/g dat. Thi nghiém
¢6 téng cong 6 nghiém thirc nhu sau:

(1) 50 g dat + 80 mg.kg™!' propoxur

(2) 50 g dit + 80 mgkg! propoxur + 0,5g
biochar + 0,5g ba ca phé

(3) 50 g dat + 80 mg.kg!' propoxur + vi khl}e;m
Paracoccus sp. P23-7 tu do (0,22x10° CFUs/g dat)

(4) 50 g dat + 80 mg.kg! propoxur + 0,5g bi ca
phé + vi khuén Paracoccus sp. P23-7 tu do
(0,22x10° CFUs/g dat)

(5)50 g dat + 80 mg. kg™ propoxur + 0,5g ba ca
phé c¢b dinh vi khuan Paracoccus sp. P23-7
(0,23x10* CFUs/1 g ba ca phé)

(6) 50 g dat + mg.kg! Ppropoxur + 0,5g biochar
¢b dinh vi khuan Paracoccus sp. P23-7 (0,17x10*
CFUs/1 g biochar)

Quy trinh thuc hién thi nghiém: Tham khao
Nguyeén Khoi Nghia va ctv. (2015a).

Chi tiéu theo doi:

Trong thoi gian thi nghiém mét s6 chi tiéu duoc
theo dai nhu sau: Mat s6 vi khuan, nédm trong dat
va ndng d6 hoat chat Propoxur con lai trong dat
vao cac thoi diém 0, 1, 3,5, 7, 9 va 11 ngay thi
nghiém. Tham khio Nguyén Khdi Nghia va ctv.
(2015a) cho phuong phap xac dinh mat s6 vi
khuédn, nim va ndng d6 Propoxur con lai trong dat.

2.2 Thi nghiém 2: Panh gia va so sanh hi¢u
qua cua cac bién phap tac dong 1én kha nang phan
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huy hoat chat propoxur trong dat boi dong vi
khuan Paracoccus sp. P23-7 ¢o dinh trong ba ca
phé

Ngudn vi khuén, ngudn bi ca phé va cach
chuin bi bi ca phé cho thi nghiém, cach chuén bi
nguén vi khudn dang té bao tu do, cach chuan bi vi
khuan ¢ dinh trong bd ca phé tham khao muc
2.1.1,2.1.3,2.1.4va2.1.5.

2.2.1 Bé tri thi nghiém

Mau dat: Thu mau va chuan bi trong tw nhu thi
nghiém 1 muc 2.1.6.

Cadc vat liéu hiru co:

Céc vat liéu hitu co dung trong thi nghiém gom
phén bo, béo hoa dau, vo trung va xi than to ong.
Céch chuan bi cho ting vét li¢u dugc mo ta nhu
sau:

Béo hoa dau: Béo hoa dau duogc thu hoach tir
cac bé nudi beo, rira sach dudi voi nude, dé rao
nude, tron déu va xac dinh 4m d6 trude khi bd tri
thi nghiém.

Phan bo: Phan bo duogc thu tir trai nudi bo sira
trong khu vyc Tp. Can Tho. Phan bo hoai muc,
nghién nho, tron déu va xac dinh 4m do trude khi
bb tri thi nghiém.

Vo trimg: Vo trung duge thu tor cac xe ban
banh mi trong khu vye Tp. Can Tho. V6 trimg sau
khi thu dugc rtra sach dudi voi nude, phoi kho,
nghién min va xac dinh am d6 trudc khi bd tri thi
nghiém.

Xi than t6 ong: Xi than t6 ong duoc thu thap
trong khu vyre Tp. Can Tho. Méu sau khi thu duoc
phoi kho, nghién, san qua rdy véi kich thude 2
mm, tron déu va xac dinh 4m dd trude khi b tri thi
nghiém.

Ca 4 vat lidu trén dugc phan tich thanh phan
héa hoc nhu: pH, EC, CHC, N, ti I¢ C/N, P, K, Ca,
Mg va Na tong s6. Riéng xi than t6 ong phén tich
thém thanh phé‘m kim loai nang nhu: Pd, Cd, As,
Cu va Zn.

Nghiém thurc thi nghiém:

Thi nghiém duoc b tri trong diéu kién phong
thi nghiém theo thé thirc hoan toan ngiu nhién véi
3 lan lap lai cho mdi nghiém thirc va duogc kéo dai
trong 11 ngay Nong d6 ban de‘lu cua propoxur la
105 mg.kg!, lugng dat cho mdi lap lai twong ing
50 g tinh theo trong lugng kho kiét. Téng mat sb vi
khuén ctia miu dit trude khi bd tri thi nghiém dat
0,96x107 CFUs/g dat. Thi nghiém tong cong c6 8
nghiém thirc nhu sau:
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50 g dat + 105 mg.kg! propoxur

50 g dét + 105 mg kg propoxur + 0,5 g hdn
hop gém phéan bo, béo hoa déu, vo trimg va xi than
to ong theo ti1¢: 1:1:1:1

50 g dat + 105 mg. kg propoxur + 0,5 g ba ca
phé ¢ dinh vi khuan Paracoccus sp. P23-7
(0,25x10* CFUs/g ba ca phé)

50 g dat + 105 mg.kg! propoxur + 0,5 g ba ca
phé c6 dinh vi khuan Paracoccus sp. P23-7
(0,25x10* CFUs/g ba ca phé) + 0,5 g phan bo

50 g dat + 105 mg.kg"!' Propoxur + 0,5 g ba ca
phé co dinh vi khuan Paracoccus sp. P23-7
(0,25x10* CFUs/g ba ca phé) + 0,5 g béo hoa dau

50 g dat + 105 mg.l{g'1 propoxur + 0,5 g ba ca
phé co dinh vi khuan Paracoccus sp. P23-7
(0,25x10* CFUs/g ba ca phé) + 0,5 g vo triing

50 g dat + 105 mg. kg-1 propoxur + 0,5 g bé ca
phé c¢6 dinh vi khuan Paracoccus sp. P23-7
(0,25x10* CFUs/g b ca phé) + 0,5 g xi than t6 ong

50 g dat + 105 mg.kg" propoxur + 0,5 g ba ca
phé c¢6 dinh vi khuén Paracoccus sp. P23-7
(0,25x10* CFUs/g bé ca phé) + 0,5 g hdn hop gdbm
phan bo, béo hoa du, vo tring va xi than t6 ong
theo ti 1&: 1:1:1:1

Quy trinh thuc hién thi nghiém

Can 45 g dét (trong lugng kho kiét) da lugc qua
ridy 2x2 mm cho vao chai ndp xanh 250 mL tiét
trung. Tiép theo cén 0,5 g (trong luong kho kiét)
clia cac vat liéu hiru co bd sung gom phén bo, béo
hoa dau, vo tring va xi than to ong (theo trong
lugng kho kiét) (da chuén bi & muc 2.2.1 theo tung
nghiém thtc riéng biét twong duwong vdi 1% (w/w)
cua dét thi nghiém. Sau d6, tron déu dét va cac vat
liéu hitu co bang mudng chuyén biét (spatula)
trong 2 phut. Mot lugng 5 g déat con lai cho vao
beaker va duoc dem sdy kho kiét trong tu siy &
nhiét 46 105°C qua dém. Cac budc tiép theo trong
quy trinh thyc hi¢n thi nghiém tham khido muc
2.1.6.

Chi tiéu theo doi

Trong thoi gian thi nghiém mot sb chi tiéu duoc
theo ddi nhu sau: Mat sd vi khuén vao céac thoi
diém: 0, 1, 3,5, 7,9, va 11 ngay thi nghiém va
ndng d6 hoat chéat Propoxur con lai trong dit vao
cac thoi diém 0, 1, 3 va 5 ngay thi nghiém. Tham
khao muc 2.1.6 cho phwong phap dém mat s vi
khuan va phwong phép xac dinh ndng do Propoxur
trong mau dét ¢ thoi gian thi nghiém.
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2.3 Phuong phap xir Iy va thong ké sb li¢u

S6 liéu dugc téng hqp‘bellng‘ phian mém Excel va
xtr 1y thong ké bang phan mém Minitab 16 theo
phan tich ANOVA cua phép thur Turkey.

3 KET QUA VA THAO LUAN

3.1 Thanh phin héa hoc ciia mdt sb vit liéu
hiru co dung trong thi nghiém

Két qua phan tich mét s6 dic tinh hoa hoc cua
cac vét liéu hitu co dung trong thi nghiém duoc

Tap 52, Phan B (2017): 31-40

trinh bay trong Bang 1 cho thiy b ca phé va phan
bo 1a hai vat liéu c6 ham lugng chét hitu co cao
nhét lan luot 1a 73,9 va 34,2 %, pht hop 1am phan
bon hitu co cho dat. Ngoai ra, vo trt’rng cling ¢o
chirc nang nhu 1a mot dang phén véi c6 tic dung
cai tao dat t6t do c6 ham luong canxi tong sO rat
cao (2,95%) va xi than c¢6 thé ding 1am chét cai tao
dat an toan vi cac thanh phan kim loai ning trong
xi than thdp hon so v6i ngudng giy doc.

Bang 1: Pic tinh h6a hoc ciia mdt s6 vat liéu hiru co dung trong thi nghiém

Vit lidu CHC Cis Nits Py Kis Cays Mgts

C () () () (%) () (%Ca0) (%MgO)
Beéo hoa dau 13,6 8,74 0,84 0,26 0,15 0,09 0,20
Ba ca phé 73,9 45,1 2,99 0,52 1,16 0,25 0,78
Vo tritng 11,2 2,95 0,87 0,36 0,11 19,9 1,43
Phan bo 342 21,9 1,63 1,80 0,85 0,82 2,20
Xi than 12,7 1,52 0,07 0,35 1,53 0,01 0,69
Vat licu Nags Pb Cd As Cu Zn

- (%N2:0)  (mghkg)  (mg/kg) (mg/kg)  (mg/kg)  (mgkg)
Béo hoa dau 0,12 X X X X X
Ba ca phé 0,44 X X X X X
Vo tring 0,25 X X X X X
Phan bo 0,47 X X X X X
Xi than 0,65 0,55 0,46 13,2 24,6 120

3.2 Thinghiém 1: So sanh hiéu qua cua hai
chit mang biochar va b ca phé dung ¢ dinh vi
khuin Paracoccus sp. P23-7 Ién khi ning phan
hiiy hoat chét propoxur trong méi truong dat

3.2.1 Dién bién mdt sé vi khudn trong dat
giita cdac nghiém thirc theo thoi gian thi nghiém

Két qua dién bién mat sb vi khuan trong dat
gitta cac nghiém thte trong 11 ngay thi nghiém
dugc trinh bay ¢ Bang 2. Nhin chung, mét s6 vi
khuan trong dat o cac nghiém thirc vao cac thoi
diém 14y mau kha cao. Mat s6 vi khuan trong céc
nghiém thure c¢6 xu hudng tang nhanh vao giai doan
tir 0 ngay dén 5 ngay thi nghiém, sau d6 mat sb vi

Bing 2: Dién bién mit s6 vi khuin trong dat giira

CFU/g dit, n=3)

khuan giam dan cho dén khi két thuc thi nghiém.
Tuy nhién, mat sé vi khuan & cac ngay thu mau cao
nhat ¢ hai nghiém thirc ¢6 bo sung 1% b ca phé va
khac biét ¥ nghia thong ké so v&i cac nghiém thic
con lai (p<0,05). Két qua trén cho thdy viéc bd
sung 1% b ca phé (dua theo trong lugng dat) vao
dat gitp gia ting mat s6 vi khuan trong dét co thé
giai thich 1a do b ca phé c¢6 kha ning bd sung
thém cho vi sinh vat dat ngudn dinh dudng thiét
yéu dic biét 12 nguyén t6 dam, dong thoi ba ca phé
con gilp tang d thoang khi trong mdi truong dat.
Két qua nay tuong tw nhu két qua nghién ctru cua
Nguyén Khai Nghia va ctv. (2015c¢).

cac nghiém thirc trong 11 ngay thi nghiém (log

Thoi gian thi nghiém (ngay)

Nghiém thirc

0 1 3 5 7 9 11
bC 6,35 6,73b 6,9¢  8,05c 8,54 6,77c 6,86b
Biochar (1%) + BCP (1%) 6,35 7,23a 8,19a 8,25bc 884a 747a 7,57a
Paracoccus sp. P23-7 tu do 6,35 6,48c 6,89¢ 7,42d 8,76a 7,48a 6,93b
Paracoccus sp. P23-7 ty do + BCP (1%) 6,35 7,21a 8,09a 8,76a 8,080 7,23b 7,79a
BCP (1%) ¢ dinh Paracoccus sp. P23-7 6,35 7,04a 7,28b 8,14c 887a 696¢c 7,87a
Biochar (1%) ¢d dinh Paracoccus sp. P23-7 6,35 7,17a 6,9¢c  8,39b 7,1c 6,84c 7.8la
F * * * * * *
Cv (%) 4,23 7,78 5,18 7,8 426 5,97

Ghi chii: PC: déi chitng; BCP: bd cd phé va trong cimg mét cdt, cdc chit s6 ¢6 mau ti theo sau giong nhau thi khéng

khdc biét c¢6 y nghia thong ké 6 mirc 5%
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3.2.2 Dién bién mdt s6 nam trong ddt giita cdc
nghiém thiec theo thoi gian thi nghiém

Két qua dién bién mat sé nim trong dét giita
cac nghi€m thtc trong 11 ngay thi nghiém duoc
trinh bay ¢ Bang 3 cho thiy mat s6 ndm trong dat &
tat ca cac nghiém thirc déu ting rat nhanh & thoi
diém tir 1 d&én 3 ngay thi nghiém, sau do6, ting nhe
vao thoi diém 3 dén 7 ngay va giam dan cho dén
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khi két thuc thi nghiém. Tuy nhién, mat sb nim &
cac ngay thu mau cao nhit & hai nghiém thirc c6 bd
sung 1% b ca phé va khac biét y nghia thong ké so
v6i cac nghiém thirc con lai (p<0,05). Két qua trén
mot 1an nita cho thiy viéc bd sung 1% ba ca phé
(dva theo trong luong dat) vao dat khong nhirng
gilp gia tang mét so vi khuan trong dat ma con
gilp gia ting mat s6 nam.

Bang 3: Dién bién mat sé nAm trong dat giira cac nghiém thirc trong 11 ngay thi nghiém (log CFU/g

dit, n=3)
n , Thoi gian thi nghi€ém (ngay)
Nghi¢m thire 0 1 3 5 7 9 1
bC 0 0 0d Oe 0d  4.19¢ 4.36¢c
Biochar (1%) + BCP (1%) 0 0 539 5.69a 5.89a  5.60a 5.36a
Paracoccus sp. P23-7 tu do 0 0 3.60c 3.60d  3.60c 4.19¢c  4.54bc
Paracoccus sp. P23-7 tu do + BCP (1%) 0 0 5.66a 579a 594a 534a 5.33a
BCP (1%) cb dinh Paracoccus sp. P23-7 0 0 4.02b 5.06b 5.06b 4.54b 5.06ab
Biochar (1%) c6 dinh Paracoccus sp. P23-7 0 0 4.19b 4.87¢  4.60b 4.12c 4.15¢
F k * * % %
Cv (%) 18.45 16.27 18.19 13.19 10.92

Ghi chii: PC: doi chitng; BCP: bi ca phé va trong ciing mét cot, cdc chit s6 ¢6 mau tw theo sau giong nhau thi khéng

khdc biét c6 y nghia thong ké 6 mirc 5%

3.2.3  Kha nang phan hiy hoat chdt propoxur
trong dat o cdc nghiém thurc thi nghiém

Két qua vé sy phan huy hoat chit propoxur
trong moi truong dat & cac nghiém thirc thi nghiém
dugc thé hién trong Hinh 1 cho thdy kha ning phan
hiy propoxur trong moi truong dat co su khac
nhau gilta cac nghiém thtc thi nghiém va c6 xu
hudng giam dan theo thoi gian thi nghiém. Nghiém
thirc 1 (Ddi chimg) va nghiém thirc 2 (B6 sung 1%
Biochar + 1% ba ca phé) ¢6 ndng do propoxur con
lai trong dét cao hon va khéc biét ¥ nghia thong ké
(»<0,05) so vai cac nghiém thirc con lai co6 chung
dong vi khuan Paracoccus sp. P23-7 & dang tu do
hay cb dinh. Sau 1 ngay thi nghiém chi duy nhat
nghiém thirc 5 (Chung vi khuan Paracoccus sp.
P23-7 ¢6 dinh trong 1% bi ca phé) c6 ndng do
propoxur trong dit con lai 1a 48,97 ppm, chiém
39% tong nong do hoat chit propoxur ban dau bi
phan huy. Vao thoi diém 7 ngay thi nghiém, cac
nghiém thic ¢6 chung dong vi khuan Paracoccus
sp. P23-7 dudi dang tu do hay c¢d dinh nong do
propoxur trong dit déu dat dudi ngudng phat hién
cia may HPLC. Tém lai, két qua nghién ctru cho
thdy viéc ching dong vi khuan Paracoccus sp.
P23-7 ra ngoai méi truong dt nham xir 1y sinh hoc
hoat chat propoxur bing chit mang bd ca phé s&
cho hiéu qua cao hon so véi chiing bang chat mang
biochar va viéc bon 1% biochar va 1% ba ca phé
cling c6 tac dung kich thich lam gia tang kha nang
phan hity doc chat propoxur trong dat bai vi sinh
vat ban dia.
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Nghiém thirc dbi ching c6 ndng do propoxur
cao hon va khac biét y nghia thong ké & mic 5%
so voi nghiém thirc c6 bon 1% ba ca phé va 1%
biochar & tat ca thoi diém thu mau. Piéu niy cho
thdy c¢6 thé co sy hdp thu mot luong dang ké nao
d6 cta propoxur boi bd ca phé va biochar. Tuy
nhién, theo két qua nghién ctru cua Nguyén Khoi
Nghia va ctv. (2015a) cho thdy biochar khong hap
phu propoxur trong dat. Nhu vy, rd rang, chi c6 ba
ca phé 1a vat liéu co kha ning hip phu propoxur
trong dat & thi ‘nghiém nay. Tuy nhién, cling can ¢
nghién ctu tiép theo kiém tra lai gia thuyét nay.
Bén canh d6, cling khong loai trir kha nang vat li€u
ba ca phé khong hip phu propoxur trong dit. Viéc
giam ndng do propoxur trong dat ¢ nghiém thic
bon ba ca phé va biochar 1a do vi sinh vat ¢ nghiém
thirc nay dugc hoat dong tét hon do dugc cung cap
ngudn dinh dudng tir b ca phé va biochar, do do,
viéc phan huy hoat chat propoxur dugc cai thién
dang ké so v6i nghiém thirc dbi chimg.

Ngoai ra, cic nghiém thirc ching vi khuén
Paracoccus sp. P23-7 vao trong dat & dang ty do
mic du 6 cai thién dang k& tbc do phan hiy thudce
trir sdu propoxur trong dat so v6i cac nghiém thirc
khong chung vi khuan, nhung hiéu qua kém hon so
v6i cac nghiém thire chung vi khuan Paracoccus sp
P23-7 vao trong dat dudi dang chit mang (bi ca
phé va biochar). Két qua nay twong tu két qua
nghién ctru cia Nguyén Khéi Nghia va ctv.
(2015a) va duoc giai thich 1a do khi vi khuan
Paracoccus sp. P23-7 phan huy chuyén biét
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propoxur ¢b dinh trong biochar/ba ca phé da tao ra
mot hé vi sinh vat song chung v6i nhau, giap
chung tao ra mét luc téng hop tat ca cac vi khuan
¢b dinh trong biochar/bi ca phé lai véi nhau dé kéo
propoxur tu do trong dich dat bang luc hut khuéch
tan nham chuyén khéi lugng propoxur huéng dén
biochar/ba ca phé, vi vay, propoxur hitu dung di
chuyén vé phia biochar/ba ca phé nhanh hon so v&i
ting té bao vi khuén tu do trong méi truong dat va
dan dén toc do phan hiy propoxur ¢ nghiém thirc
chung vi khuan bang cach co dinh trong biochar/ba
ca phé cao hon rat nhidu so véi cac nghiém thic
khac. DPiéu nay ciing dugc ching minh béi cac
nghién cuu trude day cua Grundmann et al. (2007)
va Wang et al. (2010). Ngoai ra, hé vi khuan c6
dinh trong biochar/bd ca phé c¢6 thé di hinh thanh
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biofilm, gitip bao vé vi khudn trong biochar/ba ca
phé sbng sot tot hon trong nhing didu kién bét lgi
cia moi truong nhu thiéu dinh dudng, thay d6i pH
hodc nhiing yéu t6 khac vi chung tén dung sy hop
tac va cong sinh 1An nhau nham gitup nhau ton tai
va phat trién mot cach bén ving trong hé vi sinh
vét (Wang et al., 2010). Tuy nhién, ba ca phé dung
lam chit mang chung vi khuan Paracoccus sp.
P23-7 vao trong dat c6 hiéu qua cao hon so voi vat
liéu biochar, diéu nay c6 thé giai thich la do trong
ba ca phé ¢ cac dic diém vé 1y va hoa tinh phu
hop cho vi sinh vat cu tra, sinh truéng va phat trién
tdt hon so voi vat liéu biochar, trong do6 co thé céc
yéu t6 gdbm kich thudc 15 hong, pH va ngudn dinh
dudng thiét yéu cho vi sinh vat cua vt liéu chat
mang 1a yéu t6 quyét dinh nhit.
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Hinh 1: Nong d hoat chit propoxur con lai trong dit & cac nghiém thirc thi nghiém (n=3, d 1éch chuin)

Ghi chii: Théng ké so sanh cac nghiém thirc v6i nhau trong cung 1 ngdy thu mau va trong ciing mét cot, cac chit s6 c6
mdu ty theo sau giong nhau thi khong khdc biét ¢6 y nghia thong ké ¢ mirc 5%

3.3 Thi nghiém 2: Danh gia va so sanh hi¢u
qua cua cac bién phap tac dong 1én kha nang phan
huy hoat chat propoxur trong dat boi dong vi
khuan Paracoccus sp. P23-7 ¢b dinh trong bi ca
phé

3.3.1 Swphat trién ciia mdt s6 vi khudn trong
dat gitra o cac nghiém thirc trong 11 ngay thi
nghiém

Két qua dién bién mat s6 vi khuan trong dat
gilta cac nghiém thirc trong 11 ngay thi nghiém
dugc trinh bay ¢ Bang 4 cho thdy mat s6 vi khuan
dat ¢ tat ca cac nghiém thirc vao cac thoi diém lay
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mau kha cao. Mat sb vi khuén tang 1én nhanh sau 1
ngdy thi nghiém, sau d6 tang cham vao thoi diém 3
ngdy va cudi cung la giam dan sau 3 ngay cho dén
két thac thi nghiém. Vao thoi diém 1 ngay thi
nghiém, mat $6 vi khudn & hai nghiém thuc:
Nghiém thte 5 (Ching vi khuin Paracoccus sp.
P23-7 ¢b dinh trong 1% ba ca phé + 1% béo hoa
dau) va nghiém thic 6 (Ching vi khuan
Paracoccus sp. P23-7 ¢b dinh trong 1% bé ca phé

1% vo trimg) cao nhat va khac biét thong ké
(p<0,05) so voi cac nghiém thirc con lai. Nhu vy,
viéc bon beo hoa dau va vo tring giup gia tdng mat
s vi khuan dat sau 1 ngay thi nghiém.
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Bang 4: Dién bién mat sé vi khuin trong dat giira cac nghiém thirc trong 11 ngay thi nghiém (log

CFU/g dit, n=3)

Thaoi gian thi nghiém (ngay)

Nghi¢m thire 0 1 3 5 7 9 1
NT1 6,97 7,67bc 7,72¢ 7,29¢ 7,08cd 6,89¢ 6,64c
NT2 6,97 7,95b 8,09b 7,57d 7,99a 7,49ab 7,26a
NT3 6,97 7,88b 8,45a 8,24a 7,99a 723b  6,88bc
NT4 6,97 7,43¢cd 8,22ab 7,65¢cd 7,61b 7,31ab  7,03ab
NT5 6,97 8,45a 8,48a 7,93b 7,18¢cd 7,66a 7,32a
NT6 6,97 8,34a 8,40a 7,85bc 6,83d 7,54ab 7,35a
NT7 6,97 7,36d 8,29ab 8,28a 7,22¢ 7,44ab 7,27a
NT8 6,97 7,19d 7,76¢ 7,98b 6,98cd 7,18bc  7,07ab
F * * * % * *
CV (%) 5,79 3,7 4,17 6,01 3,64 3,61

* Ghi chii: NT1: Doi chitng, NT2: Hon hop hitu co (1%), NT3: Paracoccus sp. P23-7 ¢6 dinh trong b ca phé (1%),
NT4: Paracoccus sp. P23-7 ¢é dinh trong ba ca phé (1%) + phdn bo (1%), NT5: Paracoccus sp. P23-7 ¢6 dinh trong bé
ca phé (1%) + béo hoa dau (1%), NT6: Paracoccus sp. P23-7 6 dinh trong ba ca phé (1%) + vo trung (1%), NT7:
Paracoccus sp. P23-7 c6 dinh trong bd ca phé (1%) + xi than (1%), NTS: Paracoccus sp. P23-7 c6 dinh trong bd cd phé
(1%) + hon hop hitu co (1%); *: khdc biét thong ké & mirc y nghia 5% (p<0,05), trong ciing mot ct cdc sé cé chik theo

sau giong nhau thi khéc biét khéng cé y nghia 6 5%

3.3.2 Kha nang phan hiy hoat chdt propoxur
trong dat o cac nghiém thiec thi nghiém

Két qua vé phan hity hoat chat propoxur trong
dét gitra cac nghiém thirc trong thi nghiém dugc
thé hién & Hinh 2 cho thdy vao thoi diém 1 ngay thi
nghiém, tit ca cac nghiém thirc c6 chung dong vi
khuén Paracoccus sp. P23-7 déu thé hién kha ning
phan hay cao hoat chét propoxur trong méi trudng
dat so voi hai nghiém thirc khong ching vi khuan
(nghiém thic 1 va nghi€ém thic 2). Tuy nhién,
nghiém thic 6 (Ching vi khuan Paracoccus sp.
P23-7 ¢6 dinh trong 1% ba ca phé + 1% vo trimg)
va nghiém thic 8 (Chira vi khuan Paracoccus sp.
P23-7 ¢6 dinh trong 1% ba ca phé + 1% HHHC) 1a
hai nghiém thirc c¢6 hi€u qua phan huy propoxur
cao nhit trong dat va khac biét ¥ nghia thong ké
(p<0,05) so voi cac nghiém thirc con lai. Vao thoi
diém 3 va 5 ngay thi nghi¢m, ndng do hoat chét
propoxur trong dat & tit ca cac nghiém thirc co
chung vi khuin Paracoccus sp. P23-7 ¢b dinh
trong 1% bi ca phé két hop véi cac bién phap bd
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sung khac nhau déu khong dugc phat hién trén may
HPLC. Trong khi hai nghiém thirc khong chung vi
khuén Paracoccus sp. P23-7 ¢6 ndng do proppoxur
con lai trong dat cao hon 70 ppm. Két qua thi
nghiém cho thidy bén canh viéc chung dong vi
khuan Paracoccus sp. P23-7 bing chat mang va&i
ba ca phé 1a can thiét dé gia tang toc do phan huy
hoat chit propoxur trong dat thi viéc bo sung 1%
hdn hop phén hitu co gom: phan bo, béo hoa dau,
vo trimg va xi than t6 ong hodc 1% vo trimg co
chirc ning gia tang toc do phan hay hoat chat thude
trir sdu propoxur trong mdi truong dat. Didu nay co
thé giai thich 1a do dinh dudng trong dét la yéu t6
tr& ngai nhét cho cac vi sinh vét tham gia vao tién
trinh phén huy propoxur trong dat do do, khi bon
vét liéu hitu co gom nhiéu ngudn vat liéu khac
nhau vao trong dat gitp cai tao dédc tinh 1y va hoa
hoc dit tir d6 mat s6 vi sinh vat tham gia phan huiy
propoxur dugc cai thién va dan dén viéc gia ting
tbc d6 phan hity propoxur trong dat.
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Hinh 2: Nong dé hoat chit propoxur con lai trong dét & cic nghiém thirc thi nghiém (n=3, o 1éch chuin)

4 KET LUAN

Ba ca phé 1a mdt vat li¢u hitu co ré tién va dé
tim c6 thé thay thé vat liéu cht mang biochar trong
viéc ching dong vi khudn phan huy chuyén biét
hoat chat propoxur, Paracoccussp. P23-7 vao
trong moi truong dat nham xir 1y sinh hoc rat hi¢u
qué dét bi 6 nhiém vai propoxur.

Bén 1% biochar + 1% ba ca phé hodc bon 1%
hdn hop hitu co gom phén bo, vo trimg, béo hoa
dau va xi than t6 ong giup ting téc do phan hiy
propoxur boi vi sinh vat ban dia trong moi truong
dat.

Bo sung 1% vo trimg hodc hén hop hitu co vao
trong dt gitip ting toc do phan huy hoat chat thudc
trr sdu propoxur trong dat boi dong vi khuén
Paracoccus sp. P23-7 ¢6 dinh trong ba ca phé.

TAI LIEU THAM KHAO

Akhtar, N., Igbal, J., Igbal, M., 2003. Microalgal-
Iuffa sponge immobilized disc: A new efficient
biosorbent for the removal of Ni (II) from
aqueous solution. Lett. Appl. Microbiol., 37(2):
149-153.

Bayat, Z., Hassanshahian, M., Cappello, S., 2015.
Immobilization of microbes for bioremediation
of crude oil polluted environments: A mini
review. Open Microbiol. J., 9: 48-54.

Chatterjee, C., Lefcovitch, A., 2010. Gulf of Mexico
oil disaster: Some legal issues. Amicus Curiae,
84: 17-24.

Db Hoang Sang, P4 Thi Xuan, Duong Minh Vién,
V& Thi Guong, Nguyén Khai Nghia, 2014. Phan
14p va dinh danh mét sb dong vi khuin ban dia
phan hiy chuyén biét hoat chit propoxur tir nén

39

dét bao quan hanh tim tai thi xa Vinh Chau, tinh
Séc Trang. Tap chi Khoa hoc Truong Pai hoc
Cén Tho, 34(A): 92-99.

Grundmann, S., Fu}, R., Schmid, M., Laschinger,
M., Ruth, B., Schulin, R., Munch, J.C., Schroll,
R., 2007. Application of microbial hot spots
enhances pesticide degradation in soils.
Chemosphere, 68(3): 511-517.

Guzik, U., Hupert-Kocurek, K., Krysiak, M.,
Wojciesznska, D., 2014a. Degradation potential
of protocatechuate 3,4-dioxygenase from crude
extract of Stenotrophomonas maltophilia strain
KB2 immobilized in calcium alginate hydrogels
and on glyoxyl agarose. Hindawi Publishing
Corporation BioMed Research International,
2014: 1-8.

Guzik, U., Hupert-Kocurek, K., Marchlewicz, A.,
Wojcieszynska, D., 2014b. Enhancement of
biodegradation potential of catechol 1, 2-
dioxygenase through its immobilization in
calcium alginate gel. Electron J. Biotechnol.,
17(2): 83-88.

Guzik, U., Hupert-Kocurek, K., Wojcieszynska, D.,
2014c. Immobilization as a strategy for
improving enzyme properties—Application to
oxidoreductases. Molecules, 19(7): 8995-9018.

Herrera, Y., Okoh, A.lL., Alvarez, L., Robledo, N.,
Trejo-Hernandez, M.R., 2008. Biodegradation of
2,4-dichlorophenol by a Bacillus consortium.
World J. Microbiol. Biotechnol., 24(1): 55-60.

Kaczorek, E., Satek, K., Guzik. U., Jesionowski, T
Cybulski, Z., 2013. Biodegradation of alkyl
derivatives of aromatic hydrocarbons and cell
surface properties of a strain of Pseudomonas
stutzeri. Chemosphere, 90(2): 471-478.

Kourkoutas, Y., Bekatorou, A., Banat, .M.,
Marchant, R., Koutinas, A.A., 2004.



Tap chi Khoa hoc Truong Dai hoc Can Tho

Immobilization technologies and support materials
suitable in alcohol beverages production: A
review. Food Microbiol., 21(4): 377-397.

Lade, H., Kadam. A., Paul. D., Govindwar. S., 2015.
Biodegradation and detoxification of textile azo
dyes by bacterial consortium under sequential
microaerophilic/aerobic processes. EXCLI J, 14:
158-174.

Liu, Z., Yang, C., Qiao, C., 2007. Biodegradation of
p-nitrophenol and 4-chlorophenol by
Stenotrophomonas sp. FEMS Microbiol. Lett.,
277(2): 150-156.

Mesnage, R., Defarge, N., Spiroux de Venddémois,
J., Seralini, G.E., 2014. Major pesticides are
more toxic to human cells than their declared
active principles. Hindawi Publishing
Corporation BioMed Research International,
2014: 1-8.

Moreno-Medina, D.A., Sanchez-Salinas, E., Ortiz-
Hernandez, M.L., 2014. Removal of methyl
parathion and coumaphos pesticides by a bacterial
consortium immobilized in Luffa cylindrica. Rev
Int Contam Ambiental, 30(1): 51-63.

Nguyen Khoi Nghia, D6 Hoang Sang, Nguyén Thi
Kiéu Oanh, Nguyén Thi T Quyén, Lam Tir
Lang, Duong Minh Vién, 2015a. Hiéu qua phan
hity sinh hoc hoat chét propoxur trong dit boi
dong vi khudn phén lap Paracoccus sp. P23-7 ¢b
dinh trong biochar. Tap chi Khoa hoc Trudong
Pai hoc Can Tho, 40(B): 91-99.

Nguyen Khoi Nghia, B Hoang Sang, Nguyen Thi
Kiéu Oanh, Lam Tu Lang, Duong Minh Vién,
2015b. Gia tang tbc do phan huy sinh hoc hoat
chat propoxur trong méi trudng nudi cay long
béng vi khuén Paracoccus sp. P23-7 c6 dinh
trong biochar. Tap chi Khoa hoc Trudng Dai hoc
Cin Tho, 39(B): 44-51.

Nguyén Khéi Nghia, Nguyén Vi Biang, D5 Hoang
Sang, Lam Tu Lang, 2015¢. Hiu qua cda viéc bon
hén hop bi ca phé va vo trimg 1én nang suét dau

40

Tap 52, Phan B (2017): 31-40

bép (Abelmoschus esculentus MOENCH) va dinh
dudng dét trong didu kién nha luéi. Tap chi Khoa
hoc Trudng Pai hoc Can Tho, 39(B): 75-84.

Pleasant, B., 2000. Make biochar-This ancient
technique will improve our soils, accessed on 15
April 2017. Available from
http://www.motherearthnews.com/Organic-
Gardening/Make-Biochar-To-Improve-Your-
Soil.aspx.

Roberts, J.R., Karr, C, J., 2012. Pesticide exposure
in children. Pediatrics, 130(6): 1757-1763.

Wang, F., Dorfler, U., Schmid, M., Fischer, D.,
Kinzel, L., Scherb, H., Munch, J.C., Jiang, X.,
Schroll, R., 2010. Homogeneous inoculation vs.
microbial hot spots of isolated strain and
microbial community: What is the most
promising approach in remediating 1,2,4-TCB
contaminated soils?. J. of Soil Biol. and
Biochem., 42(2): 331-336.

Wasilkowski, D., Mrozik. A., Piotrowska-Seget, Z.,
Krzyzak, J., Pogrzeba, M., Plaza, G., 2014.
Changes in enzyme activities and microbial
community structure in heavy metalcontaminated
soil under in situ aided phytostabilization. Clean
Soil Air Water; 42(11): 1618-1625.

Wojcieszynska, D., Gren, 1., Guzik, U., 2008. New
pathway of dichlorophenols degradation by
Pseudomonas sp. strain US1 in aerobic
conditions. Ecol. Chem. Eng. A, 15(7): 703-710.

Wojcieszynska, D., Hupert-Kocurek, K., Guzik, U.,
2013. Factors affecting activity of catechol 2,3-
dioxygenase from 2-chlorophenol-degrading
Stenotrophomonas maltophilia strain KB2.
Biocatal Biotransform, 31(3): 141-147.

Wojcieszynska, D., Hupert-Kocurek, K.,
Jankowska. A., Guzik, U., 2012. Properties of
catechol 2,3-dioxygenase from crude extract of
Stenotrophomonas maltophilia strain KB2
immobilized in calcium alginate hydrogels.
Biochem. Eng. J., 66: 1-7.



