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NGHIEN CUU PANH GIA PHU DUONG HOA
O MOT HO NONG CUA NHAT BAN
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Tém tat: Hién twong phii dudng & cdc ving nude xdy ra do gidu lén qud mirc béi cdc chat dinh
dudng dan dén tang treong khong kiém sodt cia tdo, lam phat sinh tao lam, tdo déc, gidm nong do
0xy hoa tan trong nuée do phdn hiy cdc chat hitu co, gza tang chi phz xit Iy nude, lam cho cac ho
dan dan tré nén néng hon anh huong dén viéc cung cap nude. Hiéu du’oc cdc ddc diém dién bién
phil dwéng trong cdc viing nwée la mét trong nhitng co s6 khoa hoc can thiét cho viée dé xudt cdc
gidi phdp quan Iy, kiém sodt chat lwong nude. Véi y nghia do, nghién civu nay bude dau dwa ra mot
s6 két qua vé viéc khdo sdt hién twong phii dudng thong qua cdc chi sé Tong Ni to/Tong Phétpho
(TN/TP), mitc d6 dinh dwéng va chi sé trang thai phii dwéng (TSI)... & hé Okubo thudc ving
Kyushu, Nhat Ban.

Tir khéa: Pha dudng, Tong Ni to (TN), Téng Phét pho (TP), Chi sé trang thai pht dudng (TSI),

ho Okubo.

1. GIOI THIEU CHUNG

Phu dudng 13 mot trong nhirng van dé cht
luong nuéc dién hinh thudng xay ra & cac thay
vuc, dac biét la cac vung nudc tinh, nong.
Chung lam ting cac chét lo ling, chét hitu co,
lam suy giam lugng 6xy trong nudc, nhat 1a &
tang dudi sdu gy anh huong khong t6t dén chat
luong nudce va hé sinh thai nudce.

Theo nhiéu nghién ctru, nguyén nhan dan dén
hién tuong pha dudng bao gdm: ndng dd cac
chat dinh dudng trong thuy vuc cao, dic biét 1a
cac mudi da luong nito va phét pho (Blomqvist
et al., 1994), nhiét d6 nudc 4m, cudng do chiéu
sang, pH cao, ham lugng CO, thip (Cronberg
and Annadotter, 2006; Zimba et al., 2006). Vi
vay, viéc danh gia sy pht dudng di dugc nhiéu
cac nha khoa hoc cong bd trong nhitng nghién
ctru cua minh. Trong nghién clru nay da sir dung
cac phuong phdp danh giath mac d§ dinh
dudng thong qua so sanh véi ndng do6 TN, TP,
Chl.a (Hakanson et al., 2007) dén xem xét trang
thai dinh dudng cta hd (Carlson, 1977) va chira

! Truong Pai hoc Su pham Ky thudt Hung Yén.
’T ruong Pai hoc Thiy Loi.
T ruong Pai hoc Kyushu, Nhdt Ban.

chat dinh dudng han ché véi su phat trién cla
tao (WHO, 2002) nhiam c6 cai nhin day du hon
vé dic diém pht dudng cua hd nghién ctru dé co
thém co so dé xuat cac bién phap quan 1y va
kiém soat phu dudng mot cach hiéu qua.

2. PHUONG PHAP NGHIEN CUU

2.1 M6 ta khu vuc nghién ciru

HO Okubo 1a hd phuc vu san Xuét nong
nghiép & ban dao Itoshima, phia T4y thanh phd
Fukuoka cta quin dao Kyushu, Nhat Ban. La
hd nho c6 dién tich mat nuée khoang 19.300 m’,
d6 sdu trung binh khoang 3m véi tong trir lugng
nuée khoang 62.200 m’.
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Hinh 1. Vi tri ciia hé Okubo-Nhdt Ban

78 KHOA HOC KY THUAT THUY LO1 VA MOI TRUONG - SO 57 (6/2017)



2.2. Thoi gian ldy miu nuwéc

Thoi gian ldy mau nudc duge thuc hién tur
ngay 13/5/2015 dén 27/10/2015 trong khoang
thoi gian tr mua Xuadn (Thang 5), mua He
(thang 6-8), dén mua Thu (thang 9, 10).

La hd nho, nong nén ta coi nhu hd hoa tron
déu. MAu lay dai dién cach bd khoang 1m va do
sau khoang 20 cm dudi myc nude hd bang chai
nhuya polyethylene. M&i tuan ldy 1 lan vao
khoang 9 - 10 gio sang.

2.3. Phwong phap phan tich va danh gia
chit hrgng nuéc

2.3.1. Phwong phap phan tich

Céc thong sé pH, nong do oxy hoa tan (DO)
va nhiét do nudc, 36 dan dién duge do truc tiép
tai hién truong bang may do nhanh da chi tiéu
HORIBA U-20.

Cac chi tiéu: NHy-N, NO3-N, NO2-N, PO4-
P, Téng phdt pho (TP) duoc xac dinh bang
phuong phap quang phd trén may do quang UV-
Vis 1800, Shimadzu-Nhat. Tong Ni to (TN)
dugc do bang phwong phip APHA 4500B-N
(APHA, 2001). Chlorophyll a (Chl.a) dugc chiét

xuat v&i 90% acetone va xac dinh bang phwong
phap quang phd (APHA, 2001) trén may UV-
Vis 1800, Shimadzu-Nhat).

2.3.2. Pdnh gid chit lwong nuéc

- S6 liéu do dac va phan tich duogc tinh toan
theo gié tri trung binh thang.

- Viéc danh gia chit luong nudc mit bang
cach so sanh cac thong sd voi Tiéu chuan chat
luong nudc hd ctia Nhat Ban (EQSs, 2003)
duogc trinh bay trong Bang 1.

- Panh gia mirc 4o pht dudng

+ So sanh cac thong s6 TP, TN va Chl.a theo
phan loai dinh dudng hd theo tiéu chuan cta
Hakanson va cs (Hékanson et al., 2007) thanh 4
muc: Ngheo dinh dudng, dinh dudng trung
binh, phu dudng va si€u pha dudng.

+ Tinh toan chi s phu dudng TN/TP rdi so
sanh, danh gia v6i tiéu chuan caia WHO (WHO,
2002) xem xét yéu t6 dinh dudng nao 1a han ché
v6i su phat trién cia tao.

+ Xem xét trang thai pht dudng ctia hd theo chi
sO trang thai dinh dudng Carlson (Carlson, 1977)
v6i ba chi s6 TSI(TP), TSI(TN) va TSI(Chl.a).

Bing 1. Tiéu chuin mdt s6 thong so chat lwgng nwée hd ¢ Nhat Ban

Gia tri tiéu chuin
Mirrc Muc dich str dung COD SS DO TongColiform
pH (mg/1) (mg/1) (mg/l) | (MPN/100 ml)
Dung cho muc dich
AA | DU0i ch (cap 1) vA bao | 6.5spH =< | _ <1 >7.5 < 50
ton thién nhién va muc 8.5
dich str dung nhu lgai A
Dung cho muc dich
A n}16i ca ‘(cép 2, 3),, nu’(’wE: 6.5<pH< <3 <5 >7.5 <1000
tam va muc dich s 8.5
dung nhu loai B
Dung cho muc dich
B l’ll;l(A)i ca '(Acép 3‘), Acép 6.5<pH=< <5 <15 >5 i
cong nghi€p, va nong 8.5
nghi¢p
D}‘mg cho Tuc di(}h CE]O 6.5 <pH < Darig buiA ndi
C | cong nghi€p, bao ton 25 <8 hodc khong >2 -
moi truong phat hién
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, i Gi4 tri tiéu chuin
Mirc Muc dich :
TN (mg/l) | TP (mg/l)
I |Muc dich bao ton moi truong tu nhién va muc dich st dung nhu 11 <0.1 <0.005
i Nudc cap loa:u 1,2,3, nuoi ca loai 1, nudc tam va muc dich st <02 <001
dung nhu loai III-V
III |Nudc cép loai 3 (loai dac biét) muc dich str dung nhu loai [V-V <04 <0.03
IV |Dung cho muc dich nudi ca (loai 2), muc dich st dung nhu loai V <0.6 <0.05
v NUS)I ca loai 3, cap cong nghi€p, nong nghi¢p va bao ton modi <1 <01
truong

3. KET QUA VA THAO LUAN

3.1 Cac thong s chat lwong nuwéc

Céc thong s6 Nhiét 4o, pH, DO, Do din dién
(EC) do dac & hd Okubo dugc biéu dién trong
Hinh 2, NH4-N, NO3-N, TN, PO4-P, TP,
Chlorophyll-a trong Hinh 3, théng ké mo ta cac
thong s6 chat lrgng nudc duge chon thé hién &
Bang 2 va ma trn twong quan dugc thé hién
trong Bang 3.

Nhi¢t do trung binh trong hd Okubo 1a
23.8°C cao nhit trong thang 8 1a 27.9°C va thap
nhit trong thang 10 1a 19.2°C. Gia tri nhiét do
quan tric ¢ sy twong quan nghich voi EC (r=-
0.133), NO3-N(r=-0.447), TP(r=-0.475) va tuong
quan thuan voi pH(r=0.498), DO(r=0.145), TN
(0.131), Chl-a(r=0.462).

pH ¢ hd Okubo gia tri cao nhét vao thang 8
13 10.9 va thip nhit vao thang 9 1a 7.1, gia tri
trung binh 13 8.8. pH trong hd ¢6 xu thé ting
dan tir mia xudn dén heé, giam vao mua thu, do
dich chuyén tir trung tinh dén kiém. Mot sb thoi
diém chu yéu vao mua hé pH cao khong phu

hop véi tiéu chuan cip nude cho nong nghiép.
pH c6 tuong quan thudn lén véi nhiét do
(r=0.498), DO(1=0.695), Chla (r=0.617) va
twong quan nghich v&i TP (r=-0.489). Piéu nay
cho thay pH ting cao vao mua hé thich hop cho
su phat trién cua tao.

Gia tri DO trung binh & hé Okubo 1a 9.2
mg/l, cao nhat trong thang 6 1a 14.02mg/l va
thap nhat trong thang 8 1a 5.78mg/1, phu hop
v6i tiéu chuin cho phép & mic AA (EQSs,
2003) va véi muc dich cung cip nudc cho
nong nghiép. Sy gia tdng nhiét do, dic biét la
vao mua he di kém véi su sut gidm cua DO.
Diéu nay duoc giai thich boi sy phu thudc cua
do hoa tan oxy vao nhi¢t do nudc, trong do
tang vao mua he.

EC c6 gia tri trung binh 1a 174(uS/cm), cao
nhat vao thang 9 1a 199(uS/cm) thap nhét vao
thang 7 1a 148(uS/cm). Piéu nay cho thiy sy gia
tdng cac ion hoa tan trong nudc vao mua thu.
EC c6 tuong quan nghich véi nhiét do (r=-
0.133), pH(r=-0.714), DO(r=-0.754).
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Hinh 2. Su bién doi hang thang cia cdc théng s6 chat lwong nude & hé Okubo
(Trung binh +d¢ bién thién) a. Nhiét do, b. pH, c¢. Nong do oxy hoa tan (DO), d. P dan dién (EC)

Gia tr1 NO3-N co gid tri trung binh 1a 0.003
(mg/1), gia tri thap nhat vao thang 7 va thang 8
cao nhat vao thang 10. NOs-N c6 mdi tuong
quan thuan NH4-N (r=0.177), TN (r=0.028),
TP(r=0.214) va tuong quan nghich v4i nhiét do
(r=-0.447) va Chl.a (r=-0.34).

NH4-N ¢6 xu thé ting dan tir mia xuin sang
mua hé cing v6i su ting dan cia luong mua dan
dén tang dong chay bé mit cung voi ting lugng
chat hiru co tir ndng nghiép va cac ngudn khac

(cao nhat vao thang tam) va gidm dan vao mua

thu (thap nhat vao thang 10), gia tri trung binh
1a 0.169 (mg/1). NH4-N c6 tuong quan thudn voi
NO3-N(r=0.177), TN(r=0.411), Chl-a(r=0.231)
tuong quan nghich v&1 EC(r=-0.194).

Gia tri PO4- P c6 gié tri cao nhét vao thang
9 1a 0.015mg/l va thip nhat vao thang 5 la
0.003 mg/l. PO4-P c¢6 tuong quan thuan EC
(r=0.499), TP(r=0.33). Ham lugng PO4-P co
su bién dong 16n theo mua cé xu thé tang vao
mua hé va vai tro rat 16n trong su phat trién cta

tao trong nudc.
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Hinh 3. Su bién doi hang théng cia cdc théng sé chat heong nude ¢
hé Okubo (Trung binh + dg bién thién) a. Ham lwong NO3-N,
b. Ham lwong NH4-N, c. TN, d. PO4-P, e.TP, f-Chlorophyll-a

Véi thong s6 TN va TP ta c6: Ham luong
TN c6 dao dong tir 0.282mg/1 dén 0.794mg/1
(gi4 tri trung binh 1a 0.555mg/l cao hon mirc
111 (EQSs, 2003) nhung vin dam bao cap nude
cho néng nghiép. Cac gia tri TN thp thuong
tdp trung nhiéu trong mua hé. TN c6 twong
quan thuan dang ké véi Chla (r=0.452), DO
(r=0.325).

Ham luong TP ciia hd Okubo cé gié tri trung
binh 13 0.026 nam trong ngudng ¢ muc III
(EQSs, 2003), c6 xu thé ting trong mua hé va
giam dan vao mua xuan. Piéu d6 cho thdy nudc
h6é c6 ham lwong dinh dudng trung binh van
dam bao cho muc dich cip nudc cho nong

nghiép. TP ¢6 mdi twong quan thuin nhod véi
TN(r=0.101) va twong quan nghich dang ké véi
pH (r=-0.489), DO(r=-0.485), nhiét do (r=-
0.475), Chla (r=-0.062). Piéu nay co thé cho
thiy cac ngudn thai chira Nito va phdt pho chay
vao hd tuong dbi doc lap.

Chl.a co sy bién dong theo mua 16n, ting vé
mua heé (khi nhiét d6 tang va ngay dai hon) va
giam vé mua thu (khi nhiét do giam va ngay
ngfm hon). Chl.a c6 sy quan thuan véi nhiét do
(r=0.462), pH(1=0.617), DO(r=0.297), TN(1=0.452)
tuong quan nghich v6i NO3-N (r=-0.34). Piéu
nay cho thdy nhiét do, DO anh huong dén sy
phat trién cua tao, thuc vat phu du.
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Bing 2. Thong ké mé ta cac thong sé chit lwong nuéc ¢ ho Okubo

J So Trun So trun Do léch b0 bién thién )

Thong s | = | i vi o (%) Min | Max
Nhiét d6(°C) 25 23.8 24.0 2.4 9.9 19.2 27.9
pH 25 8.8 8.7 0.98 11.1 7.1 10.9
DO (mg/l) 25 9.2 8.5 2.7 29.4 5.78 14.02
EC (uS/cm) 25 174 171 14 8.1 148 199
NO3-N (mg/1) 25 0.003 0.002 0.001 37.5 0.001 0.005
NH4-N (mg/1) 25 0.169 0.167 0.028 16.3 0.113 0.240
TN (mg/l) 25 0.555 0.580 0.140 25.2 0.282 0.794
PO4-P (mg/1) 25 0.007 0.007 0.003 40.0 0.003 0.015
TP (mg/1) 25 0.026 0.025 0.006 21.8 0.017 0.038
Chl.a (mg/1) 25 10.5 10.53 4.2 40.1 4.61 17.71

Bing 3. Ma trin twong quan giira cac thong sé chét lwong nuéc
H¢ s6 tuon in

quan ciia ¢ Nhietlon | po | Bc | N9 |NmaN| TN |PO4-P| TP |Chla
Spearman (r) a0 N
Nhiét do 1.000
pH 0.498 |1.000
DO 0.145 0.695 |1.000
EC -0.133 |-0.714 |-0.754 |1.000
NO3-N -0.447 |-0.169 |-0.122 |0.184 |1.000
NH4-N 0.018 |0.038 |-0.001 |-0.194 |0.177 |1.000
TN 0.131 |0.249 |0.325 |-0.416 |0.028 |0.411 |1.000
PO4-P -0.083 [-0.310 |-0.324 [0.499 |-0.022 |-0.054 |-0.065 |1.000
TP -0.475 |-0.489 |-0.485 [0.365 |0.214 |0.045 |0.049 ]0.330 |1.000
Chl.a 0.462 10.617 |0.297 |-0.509 |-0.340|0.231 |0.457 |-0.215 |-0.062 |1.000

3.2. DPanh gia hién twong phi dwdng 40 Ty 56 TN/TP — Gidwimngyi

trong ho

Tinh todn chi sé phii dwéng TN/TP
Phét pho 1a chat dinh dudng giéi han khi ty

1€ TN/TP vuot qué 6, trong khi Nito 1a gidé1 han
dinh dudng khi ty 1€ nay la < 4.5. Voéi ty 1€
TN/TP tir 4.5 dén 6 nghia 1a mot trong hai
nguyén té hodc Phot pho hodc Nito c6 thé la
chat dinh dudng gidi han hodc ca hai (WHO,
2002). Chtng t61 da xac dinh duoc ty 1€ TN/TP

& ho Okubo va yéu t6 gioi han dinh dudng gitra

cac mua (Hinh

4).

35

30

15

10

I Khoing gid o phi ewe

Huin

He

Thu

Hinh 4. Biéu do ty 1é TN/TP theo miia
6 ho Okubo
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Phan tich phuong sai (ANOVA) duogc thuc
hién dé xac dinh sy bién ddi theo mua cia ty 18
TN/TP. Két qua cia ANOVA TN/TP theo mua
dugc xdc dinh c6 y nghia (TN/TP (F=14.67,
p=0.000).

Nhin vao Hinh 4 ta thay ty 16 TN/TP céc
mua & hd Okubo déu cao hon 6. Piéu d6 ching
t6 Phot pho 1a chéat dinh dudng gidi han sy phat
trién cua tdo. Gia tri TN/TP cao nhét vao mua
hé 14 27.7 va thip nhat vao mua xuan 1a 15.7.
Diéu nay cho thiy luong phét pho giai phong
tir tram tich va tai vao hd tir cac ngudn cob
luong thap.

Tinh todn chi tiéu phii duéng doi véi nude ho
theo chi s6 trang thdi phii dudng

Chi s6 TSI ctia hd dugc tinh toan 1a trj s6 TSI
trung binh ctia cic thang va duoc biéu thi trén
Hinh 3. TSI(TP), TSI(TN), TSI(Chla) trung
binh & hé Okubo 1a 50.5, 45.3, 52.8 .TSI(TP),
TSI(Chla) cho thiy hd trang thai phii dudng.
TSI(TN) cho thidy hd & trang thai dinh dudng
trung binh.

| —=—TSI(Chl.a) —4—TSI(TP) ——TSI(TN) ‘
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Hinh 5. Trang thdi phii dwéng nudc ho Okubo
theo chi sé dinh duong Carlson (Puong nét dirt
chi ra cdc gia tri nguong: ngheo dinh duong (30),

dinh dwong trung binh (40), phu duong (50),
phii dudng dén phi dudng (60), phi deong (70))

Trong céc chi s6, TSI(Chla) 1a cao nhit. Qua
d6 ta thiy xu thé phat trién manh cta tao va
thuc vat thay sinh trong ho.

Tinh todn phii dwéng nwéc ho theo ham
lirong tong P, Tong Ni to va Chl.a.

So sanh két qua tinh toan trung binh thoi gian
quan tric ham luwong TN, TP va Chla trong
Bang 4 ta thiy: Vi ham luong TP, Chla thi
trang thai dinh dudng ctia hd & mtrc phti dudng.

Bang 4. Phén loai dinh duéng ciia hd Okubo theo Hakanson va cs

Théng s Ng(;‘lig,:g'“h l:;:'lﬂgd:i‘:;g Phi duémng | Phi dudng | Hd Okubo
Téng phét pho (mg/l) | <0.008 | 0.008 —0.025 | 0.025-0.06| >0.06 0.026
Téng ni to' (mg/l) <006 | 0.06-0.18 | 0.18-043 | >0.43 0.555
Chla (ug/l) <2 2-6 620 > 20 10.5

Tuy nhién v6i ham lugng TN 1a 0.555 mg/1 &
trang thai dinh dudng ctia hd & mirc phi dudng.
Diéu nay cho thiy su khac biét trong cach danh
gi4 dinh dudng & cling mot tidu chuan véi cac
thong s6 khac nhau.

4. KET LUAN

Ttr s6 liéu phan tich chét lugng nudc, mot vai
két luan duoc rat ra vé su pha dudng o hd
Okubo nhu sau :

1- Thong qua danh gia chat luong nude chi
ra re‘ing chét luong nudc hd Okubo & muc do
trung binh theo tiéu chuan EQSs. Trong khi
thong s DO van phu hop véi moi muc dich sir

dung thi thong sb pH cho thiy nuéc mat hd
dang bi kiém hoa manh va thong s6 TN, TP phu
hop voi muc dich cip nudc ¢ mirc IV,V. Ta
thiy céc thong sb chat luong nudc lién quan dén
pha dudng TN, TP, Chla ¢ hd c6 su bién dong
theo mua. Piéu nay cho thiy chit luong nudc &
hé thay d6i theo muia trong nim.

2- Cac yéu t6 ctia mdi truong nhu nhiét do,
pH, DO, EC va ngudn thai giau N,P ¢6 vai tro
quan trong gdy ra pha dudng héa & hé Okubo.

3- V61 viéc danh gia mac do phu dudng
thong qua cac chi s& TN/TP va chi s6 dinh
dudng Carlson, ta thay hién twong phu dudng
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dang c6 xu thé phat trién & hd Okubo. Theo tiéu
chudn ciia Hakanson va cs, v&i gia tri TP, Chla
thi trang thai dinh dudng trong hd 1 phti dudng,
nhung xét theo ham lugng TN thi maec do dinh
dudng 1a phi dudng. Vi vdy can co nhing
nghién ctru 1am rd thém mdi lién hé gifta cac
chat dinh dudng va sy phat trién cia tao va thuc
vat thuy sinh trong nuéec.

4- Nudc hé Okubo chi c6 thé sir dung vao
mot s6 muc dich can tiéu chuan nudc thép nhu
cdp nudc cho néng nghiép vi vay dé cai thién
chat lugng nude ngoai viée kiém soét cac ngudn
thai dic biét chira nhiéu phét pho con phai co
ché do giam sat chat luong nudc theo mua dé co
thé cai thién chét luong nudc hd dam bao viée
phat trién bén virng.
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Abstract:
THE STUDY AND EVALUATION OF EUTROFICATION
IN A SHALLOW LAKE IN JAPAN

The eutrophication of water bodies occurs due to over-enrichment of nutrients, causing uncontrolled
growth of algae, development of cyanobacteria, toxic algae and decreased dissolved oxygen
concentration in the water due to decomposition of organic matters, increasing water treatment
costs, making the water bodies gradually become shallower and shallower, affecting water supply.
Understanding the characteristics of eutrophication developments in the water bodies is one of the
scientific basis needed for proposing management solutions as well as water quality control. In that
sense, this study provides some preliminary results of the study on investigation of the
eutrophication through indicators such as Total Nitrogen/Total Phosphorus ratio (TN/TP), Trophic
State Index (TSI) ... in Okubo pond of Kyushu Prefecture, Japan.

Keywords: Eutrophication, Total Nitrogen (TN), Total Phosphorus (TP), Trophic State Index
(TSI), the Okubo Pond.
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