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Anh huong cta bo ré thuc vat dén viéc loai boé hop chat
4-Nitrophenon trong nudc
Nguyén Hoang Nam"*, Nguyén Hoang Nam Anh', Nguyén Manh Ha'!, Pham Viét Dirc?

! Trieong Pai hoc M6 - Pia chat
2 Vién Hoda hoc méi truong Qudn sy

TOM TAT

Bai bao dua ra két qua cua qua trinh nghién ctru anh hudng cta bo ré thuc vat dén hiéu qua loai bo hop chét
4- Nitrophenon trong nude dugc thir nghiém trén quy mé phong thi nghi€ém. Str dung ba loai thue vat khac
nhau (Carex gracilis, Juncus effusus va Phalaris arundinacea). 4-nitrophenol da dwoc sir dung & cac ndng
d6 khac nhau 1am chit gay 6 nhidm. Két qua nghién ctru cho thay anh hudng manh mé& cta bo ré dén viéc
loai bo NP, noi ma vi sinh vat phat trién. Viéc loai bdé NP duoc dién ra chu yéu thong qua qua trinh sinh
hoc ctia viing 1& cta ca 3 loai thyc vat ma khong anh huong gay hai dén thyc vét khi nong @6 NP nho hon
20 mg/L va loai bo gan nhu hoan toan chét 6 nhidém dbi voi 2 hé théng dugc trong loai thyc vét Juncus
effusus va Phalaris arundinacea. Su phan hity NP nhanh cho thay rang vung ré dong vai tro quan trong, né
1a noi cu ngy clia cc loai vi sinh vét ¢6 lgi trong viéc phan huy chat 6 nhidm.

Tur khoa: 4-Nitrophenon; CW; vi sinh vat; bo ré.

1. Bit vin dé

4-Nitrophenol (4-NP) 1a hop chét hitu co vong thom, khé phan huy, n6 ¢6 kha nang tich Iy sinh hoc,
¢6 doc tinh cao. 4-Nitrophenol (4-NP) duoc phat thai chu yéu tir cac nganh cong nghi¢p hoa cht, khai thac
than, loc héa dau va san xuét thép (Zhu va nnk, 2009), trong san xuit dugc pham, chit mau, thudc nhudm,
nhwa, thudc trir sau, chét diét nAm, chit nd va dung méi cong nghiép (Li va nnk, 2023). Cac hop chét
nitrophenon néu khong dwoc xir Iy nd s& gay tham hoa méi truedong. Hién nay ciing d co rat nhiéu phuong
phap xir 1y nitrophenon nhu: vat 1y (tich mang), hoa hoc nhu két tiia, phan (mg oxi hoa khir, hoa Iy nhu hap
phu va cac phuong phép sinh hoc, cong nghé wetland (Gao va nnk, 2022). Trong sd d6, cong nghé wetland
duogc st dung vi than thién véi moi truong, an toan, hi¢u qua va van hanh don gian.

Str dung cong nghé wetland dé loai bo cac chit 6 nhidm vo co ciing nhu hitu co thong qua cac qué trinh
vat 1y, hoa hoc, sinh hoc cua ving ré& nhu sy tiét ra oxy, tiét ra cac hop chét hiru co, sy tiép nhan cac chét 6
nhiém cua thyc vit, sy hép phy, bay hoi,... Su phan huy cac chat 6 nhiém dic biét 1a cac hop chat hitu co
nhu nitrophenon ¢ vung ré cua thyc vat ch1u anh huong rét 16n cta vi sinh vét. Qua trinh sinh hoc ciia vi
sinh vat & ving ré bi anh huong boi sy tiét ra cac hop chét hitu co hodc oxy cua thyc vat, né phu thudc vao
qu?m thé, mat do vi sinh vat, tinh da dang cua vi sinh vét va tiém ning sinh hoa cao tuong tng (Nguyén
Hoang Nam, 2023).

Céc co ché quan trong loai bo cac hop chét hitu co vong thom kho phan huy trong hé théng CWs 1a oxi
héa, trao ddi ion, tiép nhén cua thyc vat, héip phu, loc, bay hoi (Cooper va nnk, 1996; Matagi va nnk, 1998;
Kalin, 2004, Kosolapov va nnk, 2004; Mayes va nnk, 2009).

Trong diéu kién ngdp nudc, cac qua trinh trong vung ré bi anh huong boi sur giai phong oxy bén canh sy
tlet ra cua cac hop chat hitu co. Anh huong cua loai thyc vat dén sy phat trién cia cdc loai vi sinh vat phat
trién & ving ré va tim quan trong ciia viéc chuyén doi chat 6 nhiém trong ving ré. anh hudng cau chét 6
nhiém dén quaé trinh sinh hoc cta vi sinh vat.

Khi xtr 1y nuée thai bang thyc vat, viéc danh gia tiém ning phan hiy cta vi sinh vat trong ving ré 1a
quan trong nhat. D& thé hién su khac biét cu thé cua tung loai thyc vat dua ra nhan dinh vé nhitng thay dbi
lién quan dén chat 6 nhidm trong ving ré& va do d6 nang cao mirc d hiéu biét vé sy tuong tac trong cac hé
thong. Bai bao nay 1a nghién ciru danh gia anh huong ctia bo 1é ba loai thuc vét khac nhau (Carex gracilis,
Juncus effusus va Phalaris arundinacea) dugc st dung dé danh gia higu qua loai bo 4-nitrophenon & cac
nong d¢ khac nhau.

* Tac gia lién hé
Email: nguyenhoangnam@humg.edu.vn
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2. Thye nghiém
2.1. Hoa chat

Hoa chat dwoc st dung trong nghién ctu bao gdm: 4-Nitrophenon, HgCl,, KI, NaOH,
KNaCsH406.4H,0, H>SO4, NH4Cl, KNO;, NaNO,, CH3;COOH, NaOH, Phenol, axit sunfanilic,
o—naphtylamin, EDTA cac loai hoé chit c¢6 d6 tinh khiét Pa do hang Merck cta Puc san xuat. Thudc thir
COD ciia hang Hach My. Nudc cat 1 lan va nude sidu sach.

Dung dich dinh dudng ding trong nuéi dudng cay dugc pha ché theo Hoagland (Epstein, 1972) nhu sau:

Bdng 1. Thanh phan va ham lwong cua dung dich  Bang 2. Thanh phan va ham leong ciia dung dich

goc. vi lugng.

Thanh phan Nong d¢ (g/L) Thanh phan Nong d§ (g/L)
EDTA-Na 0,1

KNO3 0.606 FeSO4 - 7 H20 0,1
MnC12 - 4 H20 0,1
CoCl12 - 6 H20 0,17

MgSO4 . 7 H20 0,241

8504 7H2 . CaCl2 - 6 H20 0,1

ZnCI2 0,1

Ca(NO3)2 x4 H20 0,945 CuCl2 - 5 H20 0,02
NiClI2 - 6 H20 0,03

NH4H2PO4 0,115 H3BO3 0,01
Na2MoO4 - 2 H20 0,01
Na-Selenit 0,001

Dung dich dinh dudng duoc pha tir dung dich gbe va dung dich vi lugng bang cach 1dy 990 ml dung
dich goc, thém 10 ml dung dich dinh dudng sau d6 pha loang gap 5 lan.

2.2. Ldp dat hé théng CWs va diéu kién tién hanh thi nghi¢m

Hé théng CWs duogc lam béng vat liéu polymer véi kich thude 100 cm x 15 cm x 35 cm. H¢ théng duoc
cho vao 66 kg cat kich ¢& (0,40+0,63 mm) dén d6 cao 35 cm. Muc nudce trong bé 1 3 cm thap hon bé mit
ctia soi trong hé théng. Thé tich nudc rdng chira trong ca hé thdng 1a 18,5 lit. Trong hé théng, Juncus effusus
dugc trong v6i mat do 1a 15002000 ciy/m2 Carex gracilis 11001200 ciy/m2 va Phalaris arundinacea
9001100 cay/m?>.

Dau vio

Daura

@ 4 ssi(o=2-8mm)

Hinh 1. S0 d6 hé thong CW. 1- binh chita nwoc — rinh 2. H¢ théng CW dwoc trong Ph. australis sir
dau vao; 2- bom; 3,5-khoang khong gian phdn dung cho xir I nueée nhiém NP
bo; 4-s6i; 6-cdy; 7-binh chira nuoc dau ra).
Nudc thai nhan tao dugc bom vao hé théng mot cach lién tuc thong qua 1 chiéc bom dinh lugng véi luu
lwong 10,71 1/d twong g véi thoi gian luu thuy lyc 1a 3 ngay.

2.3. Ldy mdu va phan tich méau

Céc miu duoc ldy 3 14n trong tuan tai vi tri dau vao, dau ra cua hé thdng. Mau duoc dung va bao quan
trong chai dung miu béng PE. Trudc khi cho mau vao, chai dung mau duoc loai bo hét khong khi b?mg khi
N>. MAu chua phan tich ngay dwoc bao quan trong ti lanh & didu kién nhiét do - 20°C.

Trudc khi phan tich NP, mau duoc loc béng mang loc kich ¢& 0,45 pm thuc hién theo DIN 38404-6,
1984.

Viée x4c dinh nhanh chéng, thuong xuyén ndng d6 NP dugc thuc hién bing phuong phap tric quang
bang may quang phd UV-VIS Optizen 2120UV, Anh. Cac mau dugc ly tim trong 5 phut & tbe d6 9000vong
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/phut, mau dugc do ¢ bude song 398 nm.
Gia tri pH ciia mau dugce do bang dién cuc pH trén may do (WTW: Multi 3401 and pH-Electrode SenTix
41, detection accuracy + 0.01 pH-value).

3. Két qua va thio luan
3.1. Anh huong ciia NP dén sw tang truéng ciia cdc loai thuc vit khdac nhau

Dé danh gia tic dong ctia NP 1én sy phat trién cta cac loai Carex gracilis, Juncus effusus va Phalaris
arundinacea dugce sir dung trong cac hé thdng CW, cac nghién ciru anh hudng cta ndong do dén nhiing thay
ddi v& hinh thic, sb lugng thyc vat, lugng nudce bdc hoi va su phat trién cua thyuc vat khi tiép xuc véi NP
da duoc tién hanh. Qua trinh nghién ctru dugc thyc hién theo 3 giai doan, gia doan 1 thyc hién véi néng do
dau vao ciia NP khoang 2 mg/L, thoi gian van hanh 15 ngay, HRT 14 3 ngay; giai doan 2: Nong do NP
khoang 20 mg/L, HRT 3 ngay, thoi gian van hanh kéo dai 15 ngay va giai doan 3 van hanh véi cac thong
s6: Nong do NP khoang 50 mg/L, HRT 1a 3 ngdy va thoi gian van hanh kéo dai 15 ngay.

3.1.1. Anh huwong cua n&ng d6 NP dén dién mao ciia cdc lodi thuc vét

Két qua khao sat sy thay doi néng dd cua 4-nitrophenol tir 2.08, 20.32, 50.18 mg/l tac dong dén dién
mao cua 3 loai thuc vat cho thdy: Doi v6i loai Carex gracilis va Juncus effusus, chung co thé chiu dung
dugc khi ndng do NP 1én t6i 20 mg/l ma khong thdy bi hu hai. Tuy nhién, khi tiép xtic v6i nong do 50 mg/1,
ca hai loai thuc vat nay déu bi hu hai. Dbi véi loai Carex gracilis, 14 bi ddi mau vang, trong khi loai Juncus
effusus, xuét hién su hoai tr & dau 1a. Di véi loai thuc vat Phalaris arundinacea khong c6 thay ddi nao vé
hinh dang bén ngoai ngay ca khi ndng d6 1én t6i 50 mg/L. Két qua nghién ciru thu duoc cho thdy, ca 3 loai
thyc vt thuy sinh nay déu c6 thé chiu dung dugc NP va ching déu co thé duoc sir dung dé loai bo NP trong
hé théng CW.

3.1.2.Ti le béc hoi nude trong cdc hé thé'ng duoc tr(;ng cac loai thyc vat khac nhau

Céc nghién ctru da dugc thue hién vé kha ning bbc hoi nuéc & cac ham lugng chit 6 nhidm khac nhau
(NP: 2.08, 20.32, 50.18 mg/l) trong hé théng xir 1y dbi v6i loai Carex gracilis, Juncus effusus va Phalaris
arundinacea. Két qua nghién ctru thu duoc cho thiy co su khac biét rd rang vé luong nude bde hoi cua

tirng hé théng. Két qua nghién ctru dugce chi ra trong bang 3 duéi day:

Bang 3. Luong nuoc boc hoi trong 3 hé thong phu thudc vao nong do cua NP va diéu kién thoi tiet.

Thoi Carex gracilis | Juncus effusus | Phalaris arundinacea
gian 2.08 20,32 50,18 2,08 20,32 50,18 2,08 20,32 50,18

mgL mgL mg/L mgL mgL mg/L mgL mgL mg/L
12/3/24 | 51,39 47,82 48 81
15/3/24 | 58,02 51,98 62,60
18/3/24 | 54,02 49,49 52,45
20/3/24 | 60,24 52,32 61,51
22/3/24 | 61,43 53,54 64,67
25/3/24 | 60,34 55,30 62,43
27/3/24 | 61,39 47,82 58,81
29/3/24 69,29 48,77 60,80
1/4/24 75,00 59,72 79,78
3/4/24 49,69 47,07 45,99
5/4/24 63,89 60,34 66,98
8/4/24 64,30 62,59 71,48
10/4/24 66,36 62,96 73,23
12/4/24 66,36 62,96 73,23
15/4/24 64,04 60,80 73,36
17/4/24 68,21 79,78 71,65
19/4/24 47,07 45,99 48,30
22/4/24 60,34 66,98 75,09
24/4/24 65,59 81,82 80,40
26/4/24 62,96 73,23 83,80
29/4/24 62,96 73,23 86,88

Két qua nghién ciru thu dugc cho thay, trong cing diéu kién, thoi gian thoi tiét, nong do NP toc do boc
hoi nuéce trong hé théng duoc tréng cac loai thuc vat khac nhau déu khéc nhau, & hé théng duoc tr@)ng loai
Phalaris arundinacea téc dd bdc hoi nudce 1a cao nhét, thip nhit 1a di véi hé thong dugc trong Juncus
effusus. Theo ddi su bdc hoi nude theo ndng do NP cho thdy khi ndng do cang cao thi toc do béc hoi nude
cang cao. Sy bbc hoi nuée phu thude vao cc yéu td nhu loai thuc vat, nhi¢t do moi truong, tbe do gio, do
4m cua mOi truong, mat do cua cdy, kich thudc cua cay, kich thude cia bo ré, ham luong cua chat 6 nhlem
(Nguyén Hoang Nam, 2023). Trong s 3 hé thong, tdc d¢ bdc hoi nudc cao nhat 1a hé théng dugce trong
Phalaris arundinacea, diéu nay c6 thé 1y giai la do loai thyc vat nay c6 than hanh 16n hon rat nhiéu so voi
2 loai thyc vat con lai nén kha nang thoat hoi nude bdi thac vat 16n hon.
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3.1.3. Anh huong ciia 4-nitrophenol sw dén sinh truéng cia thiee vit

Nhimg thay ddi vé mirc ting trudng cia thuc vat da dugc theo ddi dbi véi ca 3 loai thuc vét Carex
gracilis, Juncus effusus va Phalaris arundinacea sau khi tiép xtc véi NP & nong d6 20 mg/L. Mic ting
truong cia thyuc vt dugc quan sat trong khoang thoi gian 30 ngay, & nong do nay thuc vat phat trién binh
thuong, khong co thiét hai nao vé thuc vat trong céc thir nghiém, bén canh dé, bo ré ciia thyc vat tré nén
day dac hon nhiéu da dugc quan sat thiy (Hinh 3).

Hinh 3. Bé ré ciia Carex gracilis sau 10 tuan tiép xiic véi NP (phdi), BY ré trueGe khi tiép xiic véi NP (trdi).

B ré day dic cta cac loai thuc vat cho phép chiing thim nhap rong rdi vao vat liéu nén nhu cat, déng
thoi dan dén su xam nhap tuong ddi déng nhét cua dich tiét ra tir bo 8. Déng thoi, no tac dong 16n dén su
phat trién ctia vi sinh vat trong viing ré trong cac hé théng nay. Bén canh do, trong viing r&, c6 su twong tac
qua lai ctia cac axit cacboxylic phenolic khac nhau, ching kich thich sy hinh thanh phat trién bo ré bang
cach tac dong dén hoat dong cua axit indoleacetic oxydase. Diéu nay dic biétt quan trong cho qué trinh xir
1y cc chit 6 nhiém ctia hé théng CW.

3.2.Sw thay déi ham lwong ciia NP trong cdc hé thong CW

Dé nghién ciru vé anh huéng cia bo ré dén sy phan hay chét 6 nhidm, cac nghién ciru da duogc thyc hién
v6i 4-nitrophenol trong hé théng CW trong diéu kién van hanh lién tyc. Dé so sanh, tbc do phan hiy (giam
ndng do cua hop chit ban dau) trong cac hé thdng dugc trdng cac loai thuc vat Carex gracilis, Juncus
effusus va Phalaris arundinacea. Nong d6 cia dung dich NP 1a 2,08 mg/I va 20,32 mg/l dwoc tién hanh.

Két qua nghién ciru thu dugc cho thdy, trong qua trinh van hanh lién tuc & giai doan 1 (Hinh 4) & ndng
db nitrophenol dau vao 1a 2,08mg/L, sau 3 ngay van hanh di quan sat thay sy giam ndng d6 ctia NP, ndng
d6 NP ¢ dau ra con lai 14 2,05, 1,71 va 1,61 twong tng véi 3 hé théng trong Carex gracilis, Juncus effusus
va Phalaris arundinacea. Sau 6 ngdy van hanh ham luong NP ¢ dau ra giam manh gia tri ciia n6 chi con
lai 1a 1,75, 0,11 va 0,08 mg/L twong tng v6i cac hé thdng trong trong Carex gracilis, Juncus ejj‘usus va
Phalaris arundinacea. Tiép tuc kéo dai thoi gian van hanh, ham lugng NP & dau ra tiép tuc giam, gia tri
tuong ung voi cac hé thdng dat 1,22, 0,06 va 0,03 mg/L. Két qua nghién ctru thu duoc cho thiy, & khoang
nong do NP nghién ctru, sau 6 ngay, ¢ h¢ thong trong Juncus effusus va Phalaris arundinacea, NP dugc
loai bo gan nhu hoan toan, trong khi d6 hé thong trong Carex gracilis chi loai bo dugc khoang 15,86%.
Khi nang nong do dAu vao ctia NP tir 2,08 dén 20,32 mg/l, sy loai bd NP t1ep tuc dugc dién ra (Hinh 5).
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Hinh 4. Hiéu qua loai bé NP ¢ nong do dau vao 2.1 mg/L trong cdc hé thong trong Carex gracilis,
Juncus effusus, Phalaris arundinacea.
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Hinh 4. Hiéu qud loai bé NP ¢ nong do dau vao 20.32 mg/L trong cdc hé thong trong Carex gracilis,
Juncus effusus, Phalaris arundinacea.

Két qua thu dugc cho thay, sau 3 ngay van hanh, c6 sy giam nong do ciia NP, tuy nhién hi¢u qua loai bo
kha thap. Sau 3 ngay van hanh dén ngay tht 6 hiéu qua loai bo Np trong 2 hé thong trong Juncus effusus
va Phalaris arundinacea tang 1én rd rét, trong khi d6 & hé théng tréng Carex gracilis, hi¢u qua loai bo cta
NP khéng cao ciing giéng nhu & ndng do thap, hi¢u qua loai bo & cac hé thong dat 11,56; 67,72 va 80,26%
tuong ung véi cac hé thong trdng loai Carex gracilis, Juncus effusus va Phalaris arundinacea. Dén ngay
van hanh thir 8, hiéu qué loai bo ctia chiing tiép tuc ting, tuy nhién trong hé thong dugc trong Carex gracilis,
hiéu qua loai bo ting khong dang ké, trong khi d6 & 2 hé thong trdng Juncus effusus va Phalaris
arundinacea hiéu qua ting rd rét, gia tri ciia nd dat 17,71; 89,12 va 94,78% tuong tmg. Tiép tuc kéo dai
thoi gian van hanh, hiéu qua loai bo NP nhin chung trong ca 3 hé théng déu ting, tuy nhién dén ngay thi
15 hiéu qua loai bé trong hé théng Carex gracilis chi dat 58,41% trong khi d6 ¢ 2 h¢ théng con lai, ham
lugng NP & d4u ra con lai khong dang ké, hiéu qua loai bd cua chiing dat 98,97% va 99,41% tuong tng véi
hé thong trong Juncus effusus va Phalaris arundinacea.

Tir két qua nghién ctru thu dwoc cho thiy, ddi vé6i loai Carex gracilis hiéu qua loai bé NP khong cao,
trong khi d6 hiéu qua loai bo NP cao nhat 1a loai Phalaris arundinacea, con ddi véi loai Juncus effusus
cling dat dugc gan bang loai Phalaris arundinacea. Piéu nay co thé dugc giai thich 1a do bo ré cua loai
Phalaris arundinacea phat trién t6 nhat, sau d6 1a dén Juncus effusus. B ré clia thuc vat dong vai tro quyét
dinh trong viéc loai bd cac chét 6 nhiém, b ré phat trién cang manh, n6 tac dong tich cuc dén hiéu qua loai
b6 céc chat 6 nhidm cang cao (Yuan, 1 et al. 2020).

Co ché loai bo ctia NP trong hé thong CW c6 thé thong qua qua trinh hap phu, tiép nhéan cua thyc vat,
dic biét 1a qua trinh oxy hoa boi oxy duoc bo ré tiét ra (Stefanakis, 2020).

CsH4(OH)NO: + O2 > CO2 + NO;3 + H,O

Bén canh d6, & loai thyc vat c6 bd ré khde manh, xum xué, d6 14 noi thich hgp cho céc vi sinh vat hoat
dong. Ngoai ra, loai thuc vat c6 bo ré khoé con c6 thé cung cép luong oxy vao hé thdng 16n hon so véi cac
loai thyc vat khac, bdi vay hiéu qua xt 1y ctia chiing ddi v&i NP cang cao, ngoai ra, khi hau nhiét doi ¢ Viét
Nam ciing tao diéu kién thuan loi cho vi sinh vat ¢6 lgi cho qua trinh xur 1y phat trién.

Két qua nghién ctru cho thiy rang, hé thong sir dung loai thuc vat Ph. australis & xir Iy NP dat hiéu qua
t6t nhat trong sb cac 3 loai thyc vt nghién ciru.

4. Két luan

Di nghién ciru danh gia anh huong ciia NP ¢ cac ndng d6 khac nhau dén su phat trién cia 3 loai thuc
vat khac nhau Carex gracilis, Juncus effusus va Ph. australis va hiéu qua loai bo ctia cac CW dugc trong
cac loai thyc vat khac nhau dén NP. Khi ham longj NP cao khoang 50 mg/L s& anh huéng tiéu cuc dén se
phat trién cua thuc vat. O nE“)ng d6 nghién ctru nho hon 20 mg/L, hé théng CW duoc tréng loai thuc vat
Juncus effusus va Ph. australis c6 thé loai bo gan nhu hoan toan NP, véi thoi gian luu 3 ngay, trong khi
d6 trong cung diéu kién hé thong dugc trong Carex gracilis hiéu qua loai bo NP khong dang ké, qua d6 c6
thé mo ra mot hudng di moi sir dung hé théng CW va thuc vét Juncus effusus va Ph. australis thay thé cac
cong nghé xir Iy khac dé xir 1y hop chéat vong thwom kho phan huy.

Str dung hé théng nay vura than thién véi moi trudong, vira tao canh quan dep va cé chi phi van hanh, bao
tri va xtr Iy thap, hiéu qua kinh té cao. Cong nghé nay c6 thé trién khai img dung dé xir Iy cac hop chat hiru
co kho phéan huy khéc co6 trong nudce thai mot cach hi¢u qua.
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Loi cam on

Tac gia xin chan thanh cdm on Trung tdm xu Iy moi truong - Vién Khoa hoc K thudt Quan sy; B Mon
Hoa — Khoa Khoa hoc co ban — Trudong dai hoc Mo - Dia chét, Truong Dai hoc Khoa hoc ty nhién — Dai
hoc Qudc Gia Ha Noi, Vién Cong nghé moi truong Pai hoc Bach Khoa Ha Noi da tao diéu kién, giup do
trong qua trinh nghién ctru.
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ABSTRACT

Influence of plant roots on the removal of 4-Nitrophenone compound

In water
Nguyen Hoang Nam , Nguyen Hoang Nam Anh, Nguyen Manh Ha, Pham Viet Duc
!Hanoi University of Mining and Geology
’Military Institute of Environmental Chemistry

The article presents the results of the research process on the influence of plant roots on the effectiveness
of removing 4-Nitrophenon compound in water on a laboratory scale. Use three different plant species
(Carex gracilis, Juncus effusus and Phalaris arundinacea). 4-nitrophenol was used at different
concentrations as a contaminant. Research results show a strong influence of the root system on NP
removal, where microorganisms grow. NP removal mainly occurs through biological processes in the root
zone of all three plant species without harmful effects on plants when NP concentration is less than 20 mg/L
and almost completely removed. pollutants for two systems planted with the plant species Juncus effusus
and Phalaris arundinacea. The rapid NP decomposition shows that the root zone plays an important role,
as it is the home of beneficial microorganisms in decomposing pollutants.

Keywords: CW, 4-Nitrophenon, root, microorganism
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