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thé ky 21. Nghién ctru ctia Lou va Lau [18] d4nh gia nhiing thay dbi cia stress nhiét & cac khu vuc
d6 thi phia Pong Trung Qudc va cac hiéu tng do thi hoa, cho thdy cac khu vuc d6 thi déu cé xu
huéng gia ting ap luc nhiét trung binh va tan suit ctia nhitng ngay va dot stress nhiét trong giai
doan 1971-2014 dya trén dit liéu dugc lay tir 242 khu vyuc d6 thi va dit liéu cta gan 2.000 tram
khi tuong. Nghién ctru ctia Argueso va cong su [19] danh gia mbi quan hé gitra d6 thi hoa dbi
Vv6i stress nhiét trong bdi canh bién ddi khi hau ¢ khu vuc Sydney cho thdy mé rong do thi dan
den tang nguy co stress nhiét. Nghién ctru cua Sarah va cac cong sy (2016) xem xét mot s6 chi
sd nhiét dé xac dinh murc d6 stress nhiét ciia nguoi lao dong tai Da Nang [20], két ‘qua cho thay
nhiét do ban dém quéa cao sau nhiing ngay nang néng khién cong nhan khong thé phuc hodi va
dan dén stress nhiét.

Tai Viét Nam, mot s6 nghién ciru vé sy bién doi ctia cac yéu to khi tugng trong qua khir da
dugc thuc hién. Nghién ctru sy bién ddi cta nhiét do trén toan lanh thd Viét Nam, theo Nguyén
burc Ngir va cong sy [21, 22], nhiét d6 trung binh (1958-2008) da tang Ién tur 0,5-0,7 °C va tang
nhiéu vao mua dong hon mua hé. Nghién ctru phéan tich su bién ddi nhiét do cuc tri & Viét Nam
giai doan 1961-2007, H6 Thi Minh Ha va Phan Van Tan (2007) [23] da chi ra mirc d6 va xu thé
bién thién khong déng nhat trén toan lanh tho. Toc do tang cua nhiét do cuc tiéu nhanh hon nhiéu
so v6i nhiét do cuc dai. Ngo Pirc Thanh (2014) [24] danh gid mot cach dinh lugng do bat dinh
trong du tinh cac hién tugng cuc doan tir cac mo hinh khi hau khu vuyc. Két qua chi ra cung voi1 sy
gia ting cua nhiét do, s6 ngay ning ndng ciing ting l1én trong tuong lai véi muc ting khac nhau
gitta cac mo hinh.

Nhu vay, trén thé giéi nhidu nghién ciru vé mirc do stress nhiét da phan tich cac van dé co
ban nhu mdi quan hé giira tri s6 nhiét do, tri sO do am va tri sO toc do gio dén stress nhiét, su bién
ddi cua stress nhiét, du tinh chi s6 stress nhiét trong twong lai thong qua cac md hinh khi héu,..
Mot trong nhimg mbi quan tim chinh cua cac nghién ctru la sy bién d6i stress nhiét tai nhiing khu
vyc dia 1y hodc khu tra trong mét sé nganh cu thé dugce cho la anh huéng manh khi nhiét do tang.
O Viét Nam, nhiing cong trinh nghién ctru vé cac yéu t6 va hién tugng khi hiu trong bbi canh
BDKH toan cau chil yéu bao gdbm cic nhom bai toan 16n: 1) ban chat, nguyén nhan, co ché vat ly
cua BDKH; 2) danh gia tac dong cua BDKH, tinh dé bi ton thU:O’ng do BDKH va giai phap thich
ng; va 3) giai phap, chién lugc va ké hoach hanh dong nham giam nhe BDKH [25]. Nghién ctru
nay thudc v& nhom bai toan tac dong d6i voi Viét Nam, phan tich su bién doi cua stress nhiét va
moi lién h€ cia no6 véi cac hién tugng khi hau trén pham vi lanh thd Viét Nam.

I1. SO LIEU VA PHUONG PHAP NGHIEN CUU
2.1. S6 liéu

Nguén s6 lidu dugce st dung gém bo sb lidu quan trac theo ngay tai mot sb tram khi tuong
Viét Nam, bao gdm cac yéu té: nhiét do trung binh ngay tai 2 m va d6 am tuong ddi trung binh lac
13 gio. Céac dir liéu khuyét thiéu duoc gan gid tri -99. Xét thyuc té vé kha nang khai thac, chat
lugng s6 liéu va tinh ¢6 thé dai dién, trong ) gﬁn 200 tram khi tugng cta Viét Nam, nhiéu tram c6
do dai chudi sd liéu khong déng nhét, mot s6 tram c6 do dai chudi sd liéu ngay qua ngén hoac bi
gian doan nhiéu. Do vay, trong nghién ctru nay, s6 liéu tr 61 tram thudc 7 phan vung khi hau Viét
Nam thoi ky 1961-2011 da duoc lya chon. Luu ¥ rang danh sach cac phan ving khi hau duoc ky
hiéu tir 1 dén 7 dé thuan tién cho viéc tinh toan, trong khi theo Nguyén Ptrc Ngit va Nguyén
Trong Hiéu (2013) [26] cac phan ving duoc ky hiéu 1a Bl dén B4 cho khu vuc phia Bic va tir N1
dén N3 cho khu vuc phia Nam. Hai cach ky hiéu dugc hiéu twong dwong nhau.
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2.2. Phuong phap nghién ctru

Nghién ciru nay sir dung nhiét do bau uot Tw dé xéac dinh stress nhiét. Tw thé hién nhiét do
bé mat da dudi tac dong cta nhiét 46 va d6 am khong khi. Ngudng Tw 1a ngudng chiu dung cta
con ngudi ddi voi nhiét [27, 28]. Tw cao ngy y diéu kién nong 4m va nguoc lai. Tw cao lam giam
su khac biét gitra nhiét do da va nhiét ¢ bén trong co thé con ngudi, giam kha nang lam mat [29].
Biéu thtrc thuc nghiém tinh nhiét d6 bau udt Tw trén co s& nhiét do khong khi va d6 4m tuong d6i
duoc biéu dién nhu sau [30]:

Tw = Tatan[0,151977(RH% + 8,313659)z] + atan(T + RH%) — atan(RH% —
8
1,676331) + 0,00391838(RH %)= atan(0,023101RH%) — 4,686035 @0

Trong d6 T 1a nhiét d6 khong khi qua tric tai 2 m (°C) va RH 1a d6 am tuong d6i lic 13 gid (%).

Phan cép danh gia stress nhiét dya trén chi s6 Tw dugc xac dinh theo thang danh gié cua Co
quan Quan 1y Khi quyén va Pai duong Qubc gia My NOAA (Hinh 1). Bang phan cip duoc
chuyén tir °F sang °C cho phti hgp v6i nghién ctru thuc hién tai Viét Nam. Tw tir 27 °C trd 1én da
tac dong khién co thé c6 thé bi mét moi. Tw trong khoang 32 °C dén 41 °C ndm trong ngudng cuc
ki than trong va tic dong manh dén co thé. Tw trén 41 °C s& gy nguy hiém dén con ngudi, tham
chi dan dén tir vong.

Nhiét dé (T °C)
27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 27-32 °C Than trong: C6
40 27 28 29 30 31 32 34 35 37 39 41 51 54 58 thé mét moi néu hoat dong
va phoi nang kéo dai. Tiep
& 45 27 28 29 31 32 33 34 36 uc hoat dong 6 thé dan
& 50 27 28 29 31 33 35 37 39 t61 chuodt rat do nong,
E 55 27 29 30 38 32-41 °C Cyc ky than
3 60 28 29 31 tr‘c_mg: Cg the gay ra Qmor
= rat do nong va kiét stc do
g 65 B nong. Tiép tuc hoat dong co
8 70 paautaus thé dan t6i soc nhiét
«E 7528 31 33 41-54 °C Nguy hiém: Chuot
8- 80 29 32 34 rut do nong va kiét ste do
85 29 32 36 nong ; Tiép tuc hoat dong
90 30 33 37 dan dén soc nhiét
95 30 34 38 - >54 °C Cuc ky nguy hiém:
100 31 35 39 Soc nhiét

Hinh 1. Phén cdp ddanh gid stress nhiét theo thang ddanh gid Tw
(nguon: https://www.weather.gov/safety/heat-index [31])
2.3. Panh gia xu thé bién doi clia stress nhiét

Dé danh gia xu thé bién ddi cua stress nhiét, nghién ctru nay sir dung xu thé Sen [32] va
kiém nghiém phi tham s6 Mann-Kendall [33, 34]. Phuong phép nay so sanh d6 16n tuong dbi cua
cac phan tir ctia chudi chir khong xét chinh gia tri cua cac phan tir, gitp tranh duge xu thé gia do
mot vai gia tri cye tri cue bd co thé gdy ra n€u sir dung phuong phap tinh toan xu thé tuyén tinh
bang binh phuong t6i thiéu. Mot uu diém nira ctia phuong phap nay 1a khong can quan tim viée
tap mau tuan theo phan phéi ndo. Ngo Ptrc Thanh va cs. (2012) [35] di 4p dung phuong phap nay
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dé tinh toan xu thé bién doi ctia mot sd yéu td khi twong trén Viét Nam. Trong cac hinh vé& &
nghién ctru nay, do lon cua xu thé Q s€ dugc hién thi tai moi diém tram. Nhiing vi tri ma xu the
thod man mirc y nghia thong ké 10 % ciing s€ dugc chi ro.

1. KET QUA
3.1. Pic diém ciia nhi¢t @9 khong khi va d9 Am twong ddi

Dic diém chung vé dic trung nhiét do khong khi va d6 am twong ddi giai doan 1961-2011
dugc hién thi trong Hinh 2. Két qua trung binh nhiéu nam cua nhiét do tai cac tram quan trac cia 7
vung khi hau, cac tram c6 nhi¢t do trung binh thép la Sapa 15,25 °C, ba Lat (17,95 °C) va Mdc
Chau (18,61 °C). Cac tram c6 nhiét d0 trung binh nam cao 1a cac tram Phu Quy, Viing Tau, Rach
Gia nhiét d6 trung binh nim cao trén 36 °C. Quy luat phan bd chung la cang vé phia Nam thi nhiét
d6 cang cao, cang 1én nii cao nhiét d6 cang thap. Két qua nay tuong dong voi két qua nghién ciru
ctia Nguyén Pirc Ngit va Nguyén Trong Hiéu [26].

Két qua trung binh nhiéu nim cta d6 4m twong ddi trén tram diém quan tric cho thay cac
tram Yén Chau, Ayunpa, Phan Rang c6 RH trung binh nhiéu nim thap khoang 60 %. Trén céac
ving ddng bang ven bién, 46 4m c6 xu huéng giam dan tir Bic vao Nam, cac tram ngoai bién Van
Ly, Bach Long Vi ¢6 d6 4m cao khoang 80 %. Cac tram con lai nam trong khoang 70-80 %. Phan
bo d6 4m tuong ddi tai cac tram diém tir Bic vao Nam cho théiy RH thép tai cac tram diém thudc
khu vire mién nti phia Bic va Tay Nguyén noi ¢ dia hinh twong déi cao.

R l s T2m (°C) | RH (%)
~ : z
Z | 1S o - M55
4 17 N 50
& 19 A 65
21 70
23 75
= z 80
o L. 25 o E
o £ BS
o 27 o
e 2 9 e o 90
Q.D. Hoang 'Sa i i 5
i Q.D. Hoang §;
Viét Nam 29 vél?:& - EOO
£ £
o 8 =) B
o o
. g
Z 2z
o QD Treomg Sa | o i
o7 Viét Nam o Q.D Trromg Sa°
= = Viét Nan.|
104°00"E 108°D'0"E 112°0'0°E 104°00°E 108°D0'E 12°00'E

Hinh 2. Trung bin}f nhiéu nam czia’nhi_él do khong khi (trai) va do am twong doi (phai) tai cac
diem tram quan trac cua 7 vung khi hdu giai dogn 1961-2011

3.2. M6i quan hé giira nhiét d9, dd Am va stress nhiét

Méi quan h¢ giﬁfaﬂ nhiét d(f),,d(f) é}m va Tw trung binh trong gie}i doan 1961,-2011 duoc trinh
bay trong Hinh 3. Co6 thé nhan thay rang, T2m trung binh va d6 am tuong doi c6 twong quan
duong v6i Tw, nhiét d§ cang cao thi Tw cang cao va d6 am tuong doi cao, Tw cao. Tuy nhién do
am tuong doi lai khong rd rang dén Tw nhu nhiét d9. Stress nhiét co the bat dau xay ra khi Tw 1on
hon 27 °C twong tng v61 nhiét do khong khi 16m hon 23 °C va ¢ am 16n hon 50 %.
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Hinh 3. Méi quan hé giita nhiét o khong khi, do am twong doi va Tw
3.3. S6 ngay stress nhiét

Két qua tinh toan murc d6 stress nhiét thong qua nhiét do bau wdt dugc hién thi trén Hinh 4.
Stress nhiét xdy ra ¢ hau khip cac tram quan tric ngoal trir cac tram Sapa, Da Lat dudi 5 % tong
sd ngay. Cac tram thudc ving Tay Nguyén co ty 1€ s6 ngay than trong chiém nhiéu nhat nhu tram
Pleiku, Bao Loc va Pik Noéng véi trén 60 % tong sb ngay. Cac tram thugc ving Bong bang Nam
Bo gom Pht Quy, Can Tho, Rach Gia, Ving Tau c6 s6 ngay cuc ky cin trong chiém trén 95 %
tong sO ngay, tuy nhién cac tram nay hau nhu khong co nhimng ngay nguy hiém va cyc ky nguy
hiém. Nhitng ngay nguy hiém chi dugc ghi nhan & Vinh, Quy Nhon, Péng Hoi nhung chi chiém
trén 4 % tong sd ngay.
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Thén trong Cwc ki thdn trong  ®m Nguy hifm = Cuc ki nguy hiém

Hinh 4. S6 ngay stress nhiét (%) phdn cap cia 7 viing khi hdu va ciia tirmg tram diém quan trdc
giai doan 1961-2011
Bang 1 dan ra két qua phan cap sd ngay stress nhiét trong 3 giai doan 1961-1980, 1981-2000
va 2001-2011 cho théy ty 1& sd ngay stress nhiét ting dan theo thdi gian. Cu thé ty 18 sd ngay stress
nhiét & ngudng cuc ky than trong va nguy hiém giai doan 2001-2011 tang so vdi giai doan 1981-
2000 trung binh lan luot 13 2,2 % va 1,9 % trong khi s6 ngay stress nhiét & ngudng than trong
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trong giai doan nay co ty 1 ting thap 0,1 %. Giai doan 1981-2011 cling co sy gia tang ty 1¢ sO
ngéy stress nhiét & ngudng cuc ky than trong va nguy hiém lan luot 1a 0,45 % va 0,65 %, nguoc lai
sO ngay stress nhiét ngudng than trong gidm trung binh 2,43 % so vdi giai doan 1961-1980.

Bing 1. S6 ngay phdn cdp stress nhiét theo giai doan 1961-1980, 1981-2000 va 2001-2011

Sb ngay stress nhiét Tw (%)

Ving 27°C<TW<32°C 32°C<TW<41°C 41°C<TW<54°C 254°C

1961-1980 1981-2000 2001-2011  1961-1980 1981-2000 2001-2011  1961-1980 1981-2000 2001-2011  1961-1980 1981-2000 2001-2011
12 1 2547  25.07 26.31 40.07 37.27 40.53 0.00 0.16 0.11 0.00 0.00 0.00
B2 2 1642 1539 15.56 40.64 42.15 43.68 1.12 1.96 2.41 0.00 0.00 0.00
B3 3 18.18  18.34 17.01 47.68 48.26 50.50 3.60 6.27 6.88 0.00 0.00 0.00
B4 4 21.82  21.70 21.84 47.53 48.64 49.82 2.76 433 5.62 0.00 0.00 0.00
N1 5 27.80 0.00 18.80 70.45 72.68 74.55 2.16 1.23 1.97 0.00 0.00 0.00
N2 6 53.11 4518 49.68 15.67 17.47 20.16 0.00 0.10 0.10 0.00 0.00 0.00
N3 7 5.86 5.54 3.18 96.02 94.70 97.31 0.39 0.51 0.74 0.00 0.00 0.00

3.4. Pinh gid xu thé bién déi stress nhigt giai doan 1961-2011

Trén toan Vi¢t Nam, stress nhiét tang ro rét trén hau hét cac tram nhu duoc dan ra tir Hinh 5.
Xét trung binh nhiéu nim Tw cho thay Tw thap dugc xac dinh chi & cac tram ndm & ving dia hinh
cao la Sapa, Pa Lat va Mdc Chau. Tw cao dugc xac dinh cho khu vuc D@)ng b@ing Nam B¢ va
vung Nam Trung Bg nhu céc tram Viing Tau, Phu Quy, Rach Gia voi trén 36 °C, Nha Trang, Phan
Rang, Phan Thiét v6i trén 35 °C. Piéu nay cho thay c6 su phu hop trong viéc dich chuyén stress
nhiét phﬁn nao tuong tng voi sy dich chuyén ciia nhiét do khong khi la tang dan tir Bac vao Nam
va giam dan theo d6 cao. Khong glong Tw trung binh, xu thé Tw khong tuan theo 1 rang quy luat
nao. Cu thé Tw c6 xu thé ting trén hau khip cac diém tram va ting manh nhét 1a Dak Néng (Ving
6) 0,55 °C/thap ky, Ca Mau (Vung 7) 0,53 "C/thap ky, cac tram DPién Bién, Viing Tau, Yén Chau
c6 mirc tang 0,4 °C/thap ky. Cac tram diém c6 muc ting thap dudi 0,15 °C/thap ky 1a Sapa 0,07
°C/thap ky, Quy Nhon 0,1 °C/thap ky, Phan Rang va Lang Son 1a 0,11 °C/thdp ky, Thai Binh va
Rach Gia 0,13 °C/thap ky trong do Sapa Lang Son va Phan Rang khong dat dugc muc y nghia.
Tram Hué 1a tram duy nhat c6 xu thé giam -0,06 °C/thap ky nhung khong dat duoc mirc y nghia.
Hinh 6 1am 5 hon vé xu thé cho thay khoang tin cdy mirc 95 % va 99 % o ting tram, hau hét cac
tram co6 CI duong, cac tram Phan Rang, Hué, Lang Son, Rach Gia, Sapa c6 khoang tin cdy 16n va
phul hop véi tinh toan va phén tich & trén cho thdy chua dat duoc mirc ¥ nghia.
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Hinh 5. Trung binh nhiéu nam Tw va xu thé cia Tw tai timg tram diém quan trac. Xu thé dwong
g véi gid tri > 0, xu thé dm vmg véi gid tri < 0 (Don vi °C/nam). Xu thé ¢ mirc ¥ nghia duwdi 10
% duwoc thé hién
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Hinh 6. Xu thé bién doi stress nhiét trung binh ndm timg tram quan trdc, dwong mau xanh dwong va
dwong mau do la mirc thay doi umg voi mirc nho nhat lon nhat trong khoang tin cday 95 % va 99 %

Cung v&i xu hudng ting trén hau khap cac tram ¢ Viét Nam, vao cac mua trong nim ciing
ghi nhan xu thé tang. Trong nghién ctru nay, chiing t61 tap trung phan tich stress nhi¢t tap trung
cho 2 mua dién hinh nhat trong nam la mua hé va mua dong nhu dugc hién thi trong Hinh 7.

Déi v6i cac thang muia he tir thang 6-8, Tw trung binh ndm trong khoang 23,51-39,41 °C.
Tw trung binh thép chi ghi nhan tai Sapa va ba Lat. Hau hét cc tram con lai déu & ngudng trén 32
°C, trong d6 tram Quy Nhon c¢6 Tw trung binh 16n nhat 39,41 °C diéu nay cho thay stress nhiét xay
ra manh nhét trong cac thang mua he khi ma nhiét d¢ khong khi cao. Xu thé tang cling dugc nhin
nhan tai cac diém tram. Céc tram c6 xu thé ting cao trén 0,3 °C/thap ky gdm Hoa Binh, Ca Mau,
Bic Quang, Nam Pdng, Yén Chau, Bao Loc, Vinh, Viing Tau, tram Huong Khé va Pik Néng c6
mirc tang rat cao voi trén 0,4 °C/théap ky. Mot s6 tram nhu Phan Rang, Chi Linh, Rach Gi4, Phan
Thiét c¢6 xu thé ting thap nhat dudi 0,1 °C/thap ky nhung déu khong dat mirc y nghia. Cac tram
con lai c6 muc ting 0,1-0,29 °C/thap ky. Tram Hué la tram duy nhét c¢6 xu thé giam nhung khong
dat mirc y nghia.

Dbi v6i cac thang mua dong, Tw trung binh nam trong khoang 9,65-33,93 °C. Tw trung binh
thip ghi nhén tai cic tram c6 dia hinh cao: Sapa, Mdc Chau, Lang Son va C6 T6. Tw trung binh
cao ghi nhan tai cac tram Ca Mau, Viing Tau, Rach Gia > 33 °C. Céc thang mua dong khong cho
thay stress nhiét rd rang nhu cac thang mua hé nhung lai duogc ghi nhan 14 giai doan c6 xu thé ting
stress nhiét manh nhat trong nim va tang manh trén hau khip cic diém tram. Cac tram c6 muc
tang manh nhat 1an luot 13 Yén Chau, Pk Nong, Ca Mau, Dién Bién trén 0,5 °C/thap ky. Cac tram
c6 muc tang thip nhat trong khoang 0,16-0,2 °C/thap ky 1a Hué, Tuyén Hoéa, Ba To. Cac tram con
lai c6 muc tang trén 0,2 °C/thap ky va déu dat mirc y nghia ngoai trir Nam Dinh, Phan Rang, Tra
My, Tuyén Hoa.
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Hinh 7. Twong ty nhu hinh 4 nhung cho mua he va mua dong
IV.KET LUAN

Qua nghién ctru, danh gia trén bo s6 liéu vé nhiét d6 khong khi, d6 am tuong ddi va dinh
luong stress nhiét va xu thé bién do1 stress nhiét thong qua chi s6 nhiét 46 bau uét Tw trong giai
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doan 1961-2011 mét sd nhéan dinh, két luan duoc rat ra nhu sau: Xét vé thoi gian, stress nhiét co
xu thé ting rd rét theo ndm va theo mua trong nam, trong d6 ting manh vao cac thang mua dong.
Xét vé dia Iy viing khi hau, stress nhiét xay ra ting dan tir Bic vao Nam, tir viing thap dén ving
nui cao. Cac két qua danh gia su bién doi stress nhiét nhin chung 14 c6 nét twong dong véi xu thé
bién ddi cua nhiét d6 va do am trong cac nghién ciru dugc cong bd trude ddy. Pidu nay 1a hoan
toan phu hop v&i quy luat bién d6i. Nhin chung céc chi sb stress nhiét c6 xu thé tang tuy nhién
mirc tang/giam khong ddng déu phu thudc vao thoi gian, dia hinh cua cac tram. Tat ca két qua
nghlen ctru cho xu thé va danh gia mirc y nghia déu duogc hién thi tai cac tram diém. Trén hau khap
cac tram quan trac ¢ Viét Nam, s6 ngay stress nhiét ghi nhan nhiéu nhit cic tram khu vuc mién
Nam. Ty 1€ s0 ngdy stress nhiét ¢ ngudng cuc ky than trong va nguy hiém tang dan theo thoi gian
nhung nguoc lai s6 ngay ngudng thén trong giam dan. Ngoai ra, bai bao ciing cho thay viéc tim
kiém kha niang dy tinh stress nhiét trong twong lai ¢6 y nghia thyc tién va mang tinh cap thiét.
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Abstract

Heat stress considers the aggregate effects of temperature, relative humidity to describe the human
thermal sensitivity to weather and climate. This study investigated the spatial distribution and trend
of heat stress by applying the wet-bulb temperature (TW) indicator covering Vietnam during the
period 1961-2011. The data used in the study are from 61 meteorological stations, which includes
daily air temperature and daily relative humidity. Results indicate a general increase of heat stress
over almost meteorological stations over Vietnam with a faster increase in the winter (December-
January-February) compared to the other seasons. The increase is mostly caused by an increase of
temperature, and by a minimal contribution from relative humidity. During the analysis period, the
number of stress days is larger in the South than in the other regions of Vietnam.

Keywords: Heat stress, wet-bulb temperature, climate change, Vietnam.
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TONG QUAN VE THYC TRANG RAC THAI NHUA O VIET NAM
VA CAC GIAI PHAP CAI THIEN CHAT LUQNG QUAN LY

Pham Thi Thay, Nguyén Quéc Hwng, Nguyén Manh Khai

Khoa Moi trudong, Pai hoc Khoa hoc Tu nhién, Pai hoc Québc gia Ha No1
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Tém tit

Véi sw phat trién ciia khoa hoc ky thudt, nhiéu san pham tién dung va hitu ich da ra doi, polymer la
mot trong nhitng phat minh néi bat nhu vdy. Ngay nay, cdc san pham polymer théng dung da xudt
hién va déng vai tro quan trong trong tdt ca cdc khia canh ciia xd héi. Tuy nhién kha nang quan Iy va
tdi ché chat thai nhiea hién tai dwoc dir bdo sé bi qud tai trong hai thap ky toi voi sy gia tang dang ké
cua san luong nhya, dy kién sé tang gdp doéi vao thoi diém cudi thdp nién 30. Hién nay, rdc thai
nhia da ton tai ¢ khdp moi noi trong méi trwong, dai dirong, dat,... Véi khoang 730 nghin tan rdc
thdi nhua thai ra bién hang nam va rdt nhiéu rac thai nhua khéng dwoc quan Iy khdc. Trén ca ddt
lién va bién, rdc thdi nhwa déu hity hoai méi tru’dng va gdy ra hdu qud nguy hai dén doi song, sic
khoe cia cac lodi dong vdt, thiy san ciing nhu sirc khoe con nguoi. Bai bdo nay sé mo ta Sd liéu
thong ké vé nguyén liéu nhwa nhdp khau cia Viéet Nam va thyc trang rdc thai nhya tai mot s6 thanh
phé ciia nuée nay, dong thoi s0 sanh voi mot 6 thanh phé khdc trong khu viee Déng Nam A, nham
dwea ra birc tranh toan canh vé rdc thai nhya.

Tir khoéa: Rdc thai nhiea, quan Iy rdc thai nhiea, tdi ché, nhdp khau nguyén liéu nhia.

I. PAT VAN PE

Ngay nay, nhya dong vai tro ngay cang quan trong trong doi song hién dai. San pham
polymer thong dung nay c6 mot vi tri nhét dinh dbi véi tat ca cac khia canh cua xa hoi. Vo1 sy phat
trién cta k¥ thuat hoa hoc, nhiéu san phdm tién ich di ra doi va trong s6 do, nhya duoc coi la mot
phéat minh ndi bat. Nhua duge 1am tir cac san pham phu ctua dau mo, pho bién nhét c6 nguon goc tur
céc nude san xudt khi dot tw nhién v6i gia ca phai chang. Kha nang quan 1y va tai ché chat thai nhya
hién tai c6 thé s& bi vuot xa trong hai thap ky t6i véi su gia tang dang ké cia san lugng nhya [1].
Stic tang trudng san lwong nhya 14 do sy gia ting nhu cau ddi voi d6 nhya ding mot lan, vi dy nhu
cac loai bao bi va nudc giai khat, thi truong niy phd bién & cac nudc dang phat trién. Nhu vy, co
thé hiéu r?mg, hau hét cac loai nhua duge san xuat déu co ké hoach xuét khau sang cac nudc dang
phat trién - noi ma cac dich vu xt ly chét thai co thé chua dugc quan tam.

Hién nay, véi khoang 730.000 tan rac thai nhya thai ra bién hang nam va nhiéu rac thai nhya
khong dugc quan ly khac, Viét Nam ding thtr 15 trong danh sach cac qubc gia (va phu thugc) theo
dan s6, chiém vi tri thu 4 trong danh sach cac quoc gia thai lugng nhya l6n nhit [2]. Du ¢ moi
truong nao, rac thai nhya cling lam ton hai dén méi truong, gy hau qua nghiém trong dén doi séng
va strc khée ctia con nguoi va cac loai dong thuc vat.

Thuc trang nhu dd phan tich & trén 12 do cong tic quan 1y nhwa yéu kém, dic biét 13 ¢ cac
thanh phd 16n va cac thanh phd ven bién. Cac manh vun nhya dang duoc coi 1a mot trong nhing
chat giy 6 nhiém moi trudng dang chi ¥ nhat. Luong réc thai nhya thai ra mdi nim di dé bao
quanh Trai dét 4 1an, riéng dai duong himg chiu hon 8 triéu tan, nhung chi 27 % trong s6 d6 dugc
xtr 1y va tai ché, con sb nay ¢ Viét Nam chi 1a 10 % [3, 4, 5]. Chinh phu va cac t6 chirc xa hoi khac
tai Viét Nam ciing dd c6 nhiing hanh dong nham nang cao hiéu qua tai ché rac thai nhya trong
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nhimg ndm qua. Vi du: (1) Phén loai rac, (2) Bién nhya thanh niang luong cho cac cong ty cong
nghiép, (3) Nghién clru tng dung nhya phé thai trong xay dung va xur Iy moi truong.

Bai bao nay trinh bay sd liéu thong ké vé ‘nguyén liéu nhya nhép khau ctia Viét Nam, phan
tich thue trang rac thai nhya tai mot so thanh phd va so sanh voi cac thanh phd khac trong khu vuc
DPong Nam A, nhim dua ra mot bire tranh toan canh vé rac thai nhua. Ngoai ra, bai bdo dua ra
nhiing giai phap lién quan dén rac thai nhya ¢ Viét Nam nham giam thiéu nhiing anh huong xau
cua ching trong tuong lai.

II. PHUONG PHAP LUAN

Trong bai bao nay, dit lidu dugc téng hop chu yéu tai cac thanh phd 16n thu hut khach du lich
¢ nudc ta, boi day la ngué)n rac thai nhyua chinh tir cac dich vu d6 an take-away va giao dd an tai
nha. Nhitng s liéu nay duoc sir dung dé so sanh chi tiét voi nhimg thanh phd thu hat khach du lich
khac ¢ cac nuéc Pong Nam A. Tir d6, bai viét dua ra nhimng giai phap cu thé nham giai quyet
nhimg bat cap. Theo bdo céo cua Téng cuc Du lich, Viét Nam dugc T chirc du lich thé gidi xép
hang 6/10 la diém du lich c6 tdc dod phat trién nhanh nhét thé gidi va hang dau chau A.

Nam 2018, Viét Nam don xap xi 15,5 triéu lugt khach quéc té, ting 20 % so v6i nam 2017 va
con s6 nay ddi véi khach noi dia 1a 80 triéu luot, ting 9,6 % so véi cung ky nim trudce [6]. Theo két
qué hoi dap nhanh ciia Vién Nghién ctru Phat trién Du lich, trung binh 5-10 tdi ni 16ng 14 luong tai
ni 16ng dugc khach du lich thai trong mdt ngay, con sd ndy cho cac loai chai nhwa, vo sita 1a 2-4
chai (hop), tuy nhién sb liéu thyc té c6 thé cao hon do c6 thém nhiing san phdm c4 nhan ding mot
1an bang nhya [7].

I1I. KET QUA VAO THAO LUAN
3.1. Thye trang vé tinh hinh nhap khau nguyén li¢u nhya & Viét Nam

Bing 1. Danh sdch cdc loai nhwa dwoc san xudt phd bién nhdt va cdc chat phu gia nhwa lién quan
trong qua trinh san xuat

. £ . Ty 1¢ chit phu X A A aa
Loai Chat phu gia gia (Yow/w) Thanh phan gay déc
Phu gia chéng oxy héa 0.05-3 B1sph§n01 A; Octylphenol; Nony}phepol. .
PP Phu eia chéne cha 12-18 Brominated flame retardant; Boric acid; Tris(2-
v e ong chay chloroethyl) phosphate.
. x , Bisphenol A; Octylphenol; Nonylphenol.
Ph h h 0,05-3 . e .
HDPE Phu giz zhgﬁg :Ez oa 12-18 Brominated flame retardant; Boric acid; Tris(2-
v e g chay chloroethyl) phosphate.
. £ , Bisphenol A; Octylphenol; Nonylphenol.
Ph h h 0,05-3 ) S .
LDPE Phu g;: Zhgﬁg SEZ od 12-18 Brominated flame retardant; Boric acid; Tris(2-
ve gchay chloroethyl) phosphate.
PVC Phu gia hoa déo 10-70 Phthalate.
Chét 6n dinh 0,5-0,3 Bisphenol A; Nonylphenol.
. z , Brominated flame retardant; Boric acid; Tris(2-
PUR | Phu gia chong chdy 12-13 chloroethyl) phosphate.
. Phu thudc cac mau va loai hiéu ung.
Chat tao mau Phu thudc cac 1 e cac mati va foat hieu ung
PS Chat chong chay cho mot | mau va loai hi¢u
A d ’ d . , h I,I'n
59 .lfng ung, V‘l 4 ?ac 8 Boric acid; Brominated flame retardants; Tris(2-
nhiét cho céac toa nha 12-18
chloroethyl) phosphate.
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18, 2]

Cac chat phy gia dugc thém vao polymer trong qua trinh san xuat nhua dé bo sung cac dic
tinh can thiét cho ting muc dich st dung. Tuy nhién, chat doc thai ra tur cac chat phu gia nay c6 kha
nang anh huong tryc tiép, gy nguy hiém dén stc khoe con ngudi, rdi loan noi tiét. Nam 2016, nhwa
PP va PE chiém ty trong chu y€u trong nguyén liéu nhya nhap khau vao Viét Nam véi lan luot 1a
30,09 % va 25,77 %, cac s6 liéu nay tiép tuc ting 1én qua cac nam.

Trong 11 thang dau nam 2019, nhap khéu nhua nguyén liéu dat 5,77 tri¢u tan, tang 13,2 % vé
luong so v6i cing ky nam 2018. Nguyén lidu PE va PP nhap khau chiém 55,3 % tong luong nhap
khau chat déo nguyén lidu ctia Viét Nam, Nguyén liéu PE, PVC nhap khau ting manh, PP va PS
tang & mirc thip hon. S6 lidu thong ké ciing chi ra, gia tri nhap khau nhya nguyén liéu cho cac san
pham nhya chinh ciia Viét Nam tiép tuc tang déu hang nam, véi gia tri nim 2016 chi dat 15,7 % [9].

Others,
21.89%

PE,30.09%

EVA, 3.44%

PS,3.45%

PP,25.77%

Hinh 1. Thanh phan theo khéi heong ciia nguyén liéu nhwa nhdp khau [10]

Tinh trang nay xay ra do 16i song méi trong xu hudng d6 thi héa & qudc gia dang phat trién.
Ngoai ra, sy phat trién ctia du lich trong nhitng nim gan déy ciing kéo theo nhu ciu vé dich vu an
ubng va cac san pham thuan tién cho viéc di lai ngay cang tang. Ty 1& nhap khau PP, PE, PS ngay
cang ting 14 minh chtng rd nét cho tinh trang sir dung tdi ni 16ng hodc cac san pham nhira dung mot
lan & Viét Nam trong thoi gian qua.

3.2. Thye trang rac thai nhya & mét s6 thanh phé thu hit khach du lich & Viégt Nam

Hién nay, rac thai nhya ¢ Viét Nam chua dugc nghién ctiu va théng ké mdt cach déy du vé
s0 lugng, ching loai, vi tri va thanh phan cia rac thai nhya cting nhu rac thai nhya dai duong.

Nam 2015, Viét Nam thai ra u6ce tinh 27 tri¢u tan rac thai, tinh riéng hai thanh phd 16n 1a Ha
Noi va TP. H6 Chi Minh, luong thai ra m01 ngay trong khoang 80 tan rac thai nhya. Ngoai ra, luong
chat thai nhwra va tai ni 16ng trén toan qudc chiém khoang 8-12 % tong luong chat thai ran. Néu tinh
trung binh khoang 10 % lugng rac thai nhua va tai ni 16ng khong duoc tai st dung triét dé ma phai
xtr Iy hoan toan thi lwong chét thai nhwa va tai ni 16ng xap xi 2,5 triéu tin/ndm, diéu nay chinh 1a
ganh ning cho mdi trudng, tham chi dan dén tinh trang “tring 6 nhiém” [11].

Tai huyén dao C6 Td, mot trong nhitng diém du lich bién dugc yéu thich ¢ Viét Nam, theo s6
liéu phéan tich cho thay, ty 1¢ rac thai nhya trén tong lugng rac thai thu gom tai cac hd gia dinh, cac
co sO kinh doanh trung binh chiém khoang 18,7 %. Tai cac noi cong cOng, rac thai nhya chiém ty 1¢
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cao nhét 25 % téng lugng rac thai. Chai lo, ly nhuya, tai ni 16ng, cic san phém phuc vu cho vi¢e di
lai, van chuyén va cac hoat dong vui choi 1a nhing loai rac thai nhya phd bién nhat duogc tim thay
tai huyén ddo nay. Tai cac ho gia dinh, s6 lidu phan tich tir rac thai thu gom cho théy chét thai nhya
chiém 13 % tong s6 [12].

So véi s6 lidu diéu tra tai thanh phé Hoi An, mot dia diém du lich noi tiéng khac cta Viét
Nam, ty 1& rac thai nhua it khac biét: 14 % rac thai tir cac ho gia dinh 13 rac thai nhya, con sb d6 dbi
vOi rac thai noi cong cong va ven duong la 13,8 % [13]. So v&i ty 1€ rac thai nhya trong rac thai
sinh hoat, huyén ddo Co T6 va Hoi An cao hon kha nhiéu so véi Ha Noi va Thanh phé HO Chi
Minh, hai thanh phd 16n khac ciia Viét Nam nam xa b bién. Con s nay lan lugt 1a 9,6 % va dudi
10 % [14, 15].

10%

5%

0%

Household waste Street waste

mCoTo mHoi An

Hinh 2. So sanh thanh phan rdc thai nhuwa trong rdc thai rdn sinh hoat gia dinh va rdc thdi ran
trén duong pho tai Cé To va Hoi An

Thanh phan chét thai nhya trong tong chat thai rdn con cao hon. Chat thai nhya chiém 6 %
tong luong chét thai ran do thi & Hué va 8 % chét thai nhuya ¢ Ha Noi [4], 0 Thanh phé Ho6 Chi
Minh la 16 % [14]. Ty 1¢ nay co6 sy gia tang dang ké khi so sanh véi s6 liéu nam 2015, thanh phan
chat thai nhya trong tong chat thai ran d6 thi ciia Ha Noi nam 2015 1a 3 % [3]. Thém vao do, cac
hoat dong du lich cling gop phan khong nho vao su phat sinh rac thai nhwa, uée tinh dat tong cong
khoang 206,1 nghin tin vao nam 2020 [7].

Bing 2. Dy bdo vé lirong chat thai nhwa phat sinh vao nam 2020 tinh theo luong khdch du lich
quoc té va trong nuwoc

Luwong rac thai phat sinh (tin/nim)
Khach du lich qudc té 95.760
Khach du lich trong nudc 110.340
Téng cong 206.100

(Duw Van Toan va cong su [7])
3.3. Quin Iy chit thai nhya & Viét Nam: hién trang, dién bién va giai phap

Tai thoi diém ndy, nha may xu 1y rac thai Nam Son (Séc Son, Ha Noi) 1a mét trong nhitng
noi s& httu cong nghé xur 1y rac thai tdt nhat Viét Nam, tai ni 16ng, chai lo nhya cting nhu nhiéu loai
chat thai ran déu dugc thu gom vé ddy. Sau qua trinh phén loai don gian, chung chu yéu dugc chon
14p thay vi tai ché va tai sir dung.
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Tuy nhién, mot s6 chét thai rin ¢ nudce ta, dic biét 1a & cac thanh phé 16m, dugc thu gom béi
céc co sé nho thong qua viéc nhit cac thi ni 1ong va chai nhua, phé lidu tai cac noi cong cong trude
khi chung dugc thu gom tp trung cung cac loai rac khac dé mang vé nha may xt 1. Loi nhuin
cling la mot yeu t6 can duoc quan tim khi nghién ctru cac hoat dong tai ché rac thai nhua. Tac dong
dau tién 1a tiét ki¢m nang lugng san xudt nhwra nguyén sinh, tai nguyén khong thé tai tao nhu dau
mo; diéu nay co thé giai quyét hang loat cic van d& moi truong nhu mat my quan d6 thi hay tinh
trang thodi hoa dit,...

Chi phi chén mét tan rac hién nay dao dong trong khoang 13 USD. Trén dia ban TP. HCM c¢6
t6i 50.000 tan rac thai nhua dugc chon lap, néu dua luong rac thai ndy di tai ché thi thanh phd mdi ndm
c6 thé tiét kiém duoc khoang 646.000 USD. Can ctr vao tdc do tiéu thu nhua binh quan hién nay, cung
V&1 sy phat trién cta kinh té va gia tang dan s6, udc tinh trong ndm 2020, luong ti€u thu nhya va chat
thai phat sinh tai TP. H6 Chi Minh vao khoang 400.000 tin/nim. Diéu nay cho thiy co hdi phat trién
cho nganh tai ché nhua 1 rat 1on. Hiép hoi Nhwa Viét Nam cho biét, néu str dung nguyén liéu nhya téi
ché & muc 35-50 %/nam, cac doanh nghiép c6 thé giam hon 15 % chi phi san xuét [5].

Trong khi d6, theo Quy Tai ché chét thai TP. H6 Chi Minh, rac thai nhya chiém ty 1€ cao, chi
dung sau rac thai thyc pham trong chat thai ran do thi. Nhu’ng téng luong nhua phé lidu dugc thu
mua chi chiém khoang 10 % téng luong phe liéu nhya luu gilt mo6i ndm, thai ra moi truong. Cac san
pham nhya tai ché déu mang lai tiém ning rat 16n, ddc biét 1a dbi v6i bao bi thyc pham va chai PET.
Theo théng ké cua B Tai nguyén va Moéi truong (TNMT), chi riéng TP. Ha N6i va TP. H6 Chi
Minh, hang ndm c¢6 t6i 16.000 tan rac thai phat sinh, bao gdm rac thai sinh hoat, rac thai cong
nghiép, rac thai y té. Trong d6, 50-70 % luong rac thai chira cac hop chat cd thé tai ché va tao ra
ngudn ning lwong méi, tuy nhién lugng rac thu gom duoc chi tai ché duoc gan 10 % [5].

_ Vi vay, cac bién phap thuc day nganh tai ché c6 thé duoc dp dung nhu: (i) Phan loai rac tai
ngudn, (ii) Bién chat thai nhya thanh nguyén liéu cho cac nha may cong nghiép, (iii) Chinh sach
dau tu c6 hi¢u qua cho cac doanh nghi¢p trong linh vuc tai ché.

Phan loai rac tai nguon dong vai tro quan trong trong qua trinh tai ché rac thai nhya. Viéc 1am
nay gitp giam chi phi xur Iy cua nha may xur Iy rac chon lap dong thoi tan dung dugc nang lu:()’ng va
sinh khdi ctia rac hitu co. Ngoai nhing thanh phan c6 thé dung lam phan, hoat dong nay con gitp
phan loai rac thai nhya mot cach rd rang nham t6i wu hoa quy trinh tai ché cho phu hop véi timg
loai. Nhya cling nhu nhya phe thai c6 da dang nhitng chung loai, phu gia va cach stir dung [16]. Do
d6, qué trinh phan loai nhya con giup nang cao hiéu qua ciia qua trinh tai ché va giam thiéu tac
dong dén moi truong.

O nudc ta, tir nam 2016, TP. HO Chi Minh da chuyén hudng xt 1y rac thai bang phuong phap
tao nang luong dién tr qua trinh d6t rac. Tuy nhién, cac chuyén gia cho rang, dua ra nhitng chinh
sach cu thé 1a viéc lam toi quan trong dé thu hat va tao diéu kién cho cac nha dau tu; cling nhu tang
hiéu sut tai ché rac thai nhya. Theo S& Tai nguyén va Moi truong TP. H6 Chi Minh, véi viéc phan
tich ty trong, thanh phan chat thai rin c6 thé thiy, qua trinh sinh nhiét s& hiéu qua hon khi cac chat
thai c6 nhiét tr1 khac nhau dugc thi€u hiy riéng 1¢; nhu nhya, gé, val, giéy, manh thuy tinh,... dugc
phan loai truc qua trinh thiéu dbt.

Dé dat duge két qua trong qua trinh tai ché chét thai nhya, cac nha may tai ché chét thai nhya
tai dia phuong can duogc hd trg vé von dau tu may moc, ciing nhu x6a bo rao can dinh kién cua ca
nguoi dan va chinh quyén dia phuong. Pay 13 co s¢ dé diy manh xa hoi hoa dau tu co s¢ ha ting
tiép nhan va xtr 1y rac thai noi chung, dép mg nhu cau xir I rc thai ngay cang cao cua toan xa hi.

O nhimg nudc dang phat trién, cac nganh cong nghiép nhu xi mang, sit thép va dién tiéu thu
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lwong than khong 16 va thai ra lugng lon khi CO, trén toan thé gidi. Rac thai nhua khong thé tai ché
s& dugc sir dung 1am nguyén liéu dau vao cho cac nha may bang phuong phap dong xu ly. Cac nha
may s& giam thiéu luong than sir dung bang cach thu hoi ning luong tir viée d6t chat thai nhya
khong thé tai ché. Qua trinh nay 1am ting hiéu qua st dung nang lugng, tiét kiém hon khi so sanh
v6i cac nha may chuyén chét thai thanh ning luong pho thong. Phuong phap dong xir 1y tiét kiém
chi phi va khéng tao ra du lugng, dong thoi lugng khi thai gay hiéu Gmg nha kinh s& giam dang ké
so véi viée chon lap va dbt rac.

IV. KET LUAN

Céc nuéc dang phat trién nhu Viét Nam dang d6i mit véi nhitng van dé 16n lién quan dén rac
thai nhya. Mic du san lugng nhya ciing nhu nhap khau nguyén liéu ting theo timg ndm nhung chat
luong quan 1y va tai ché khong cai thién, din dén nhua hét vong doi khong duge kiém soat ra moi
truong hoac khong tan dung dugc gia tri cia no.

bé nang cao hi€u qua va sy phat trién ctia hoat dong tai ché nhya & nudc ta, can ap dung céc
phuong phép quan 1y mot cach tt hon, c6 thé ké dén 14 nhiing giai phap phap 1y, giai phap kinh té va giai
phap cai thi€n, nang cao nhan thic cong déng, thay déi thoi quen tiéu dung va loai bo rac thai nhya.
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Nevertheless, its application is still hindered due to the unavailability of appropriate draw
solutions to reduce salt accumulation and membrane fouling in long-term operation. The reverse
salt flux from the DS into the bioreactor and salt accumulation due to high retention property of the
FO membrane can increase salt concentration in the bioreactor [3], resulting in adverse effect on
microbial activity as some functional bacteria are more sensitive to elevated salinity conditions. In
addition, the increase of total dissolved solid (TDS) concentration in bioreactor tank could also
reduce the osmotic pressure difference across the FO membrane, thereby inducing rapid water flux
decline [4]. Hence, a suitable draw solution is a key point to apply OsMBR system successfully.

To our best knowledge, any use of draw solution based on mixing EDTA-2Na with Triton
X114 for hybrid sponge OsMBR/NF system has not been published up to now. Hence, the
performance of mixed EDTA-2Na/Triton X114 as the innovative draw solution in sponge
OsMBR/NF system for Da Lat municipal wastewater treatment was symmetrically investigated in
this study. Firstly, the comparison of mixed EDTA-2Na/Triton X114 with other traditional draw
solutions was evaluated with deionized (DI) water as the feed solution. Next, variations of salt
accumulation and water flux with operating time in sponge OsMBR system were examined with Da
Lat wastewater as the feed solution. Contaminant removal was then considered in hybrid sponge
OsMBR/NF system with the proposed draw solution.

II. MATERIALS AND METHODS
2.1. Wastewater and mixed EDTA-2Na/Triton X114 draw solution

A real wastewater used as feed solution was collected at Da Lat municipal wastewater
treatment plan with COD = 800 + 150 mg/L; NH4-N = 45 + 12 mg/L; PO,-P = 17 + 5 mg/L. In
addition, deionized (DI) water was also used as the FS to determine the reverse salt flux. Draw
solutions were prepared from EDTA-2Na, Triton X114, MgS0O,.7H,0 and NH,Cl. EDTA-2Na was
purchased from was purchased from Sigma-Aldrich Co, Germany. Triton X114 with a critical
micelle concentration (CMC) of 0.2 mM was supplied by Scharlau Chemie, Spain. MgS0O,.7H,0
and NH,4Cl (purity of 99 %) were purchased Sigma-Aldrich Co, Germany.

2.2. Experiment set-up

A laboratory-scale hybrid sponge OsMBR/NF system set up at the environmental technology
laboratory of Da Lat University is described in Figure 1. The FO module with an effective
membrane area of 100 cm” was fabricated with a tube configuration wrapped with OsMem™ TFC
flat sheet membranes (Hydration Technologies Inc., Albany, OR), and it was immersed in the
bioreactor tank (5 L) in the vertical position with the active layer of the membrane facing the FS.
The sponge (density of 30 kg/m’) after acclimatization, with a filling rate of 25 % (by volume of the
bioreactor), were added into bioreactor tank. The air diffusers were installed at the bottom of the
bioreactor for moving biocarriers and reducing membrane fouling. In sponge OsMBR system,
wastewater supplied from a feed tank was continuously pumped into bioreactor tank and the liquid
level in the bioreactor tank was maintained at a constant level by using the overflow returning to the
feed tank. Meanwhile, the DS was pumped into FO membrane tube, whereby water from FS will
permeate through membrane to dilute draw solution.

The NF module were carried out using a laboratory-scale cross-flow NF membrane cell
(CF042 Delrin Acetal Crossflow Cell, USA). The diluted draw solution was circulated into the
membrane cell by a diaphragm pump (Triwin, Taiwan) under operating hydraulic pressure of 5.5
bar to withdraw the clean water for reuse and recover the draw solution for reuse in OsMBR
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system. The feed tank was placed on a digital scale (BW12KH, Shimadzu, Japan) and the water
flux was calculated based on changes in the feed tank weight. Salt accumulation in the bioreactor
was determined by monitoring the conductivity of the mixed liquor with the aid of a conductivity
meter (Oakton Instruments, USA). The fluctuation in the room temperature during the experiment
was in the range of 26-29 °C. Samples were collected from the bioreactor and DS tank for
measuring dissolved organic carbon, NH,"-N, and PO,>-P.
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Figure 1. A schematic of the laboratory scale hybrid sponge OsMBR/NF system
2.3. Measurement of water flux and reverse salt flux

The experimental water flux J, (L/m’° h) was calculated by measuring the change in the feed
container mass with time as follows:

A
" ANt

where, AV is the total increase in the volume of the permeate water (L) collected over a predetermined
period, At (h) and A is the effective FO membrane area (m®). The reverse salt flux J; (g/m’ h) of the DS
was determined according to the amount of salt accumulated in the feed tank:

V.C -Vv,C
Js= t tAtO 0 (2)

where, C,; and V| are the concentration and volume of the FS measured at time t, respectively, and
Cy and V| are the initial concentration and initial volume of the FS.

The rejection of PO,>P and NH, -N in hybrid sponge OsMBR/NF system was calculated
according to the following equation:

(1)

R=(1-%£11y 100% 3)
Cinf
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where R is the rejection; C,y1s the concentration of PO,*P and NH,"-N at the effluent stream; and
Ciyr 1s 1s the concentration of PO,* -P and NH,'-N at the influent stream.

2.4. Analytical methods

The concentrations of PO,” P and NH, -N were analyzed using a UV-VIS spectrophotometer
(HACH Model DR-4000, Japan). The COD analyses were conducted following Standard Methods
(APHA, 2005). pH and DO of the bioreactor were measured everyday using pH meter (HANNA
instrument) and DO meter (HORIBA Ltd. Japan,), respectively. The TDS was measured by a
conductivity meter (Oakton Instruments, USA).

II1. RESULTS AND DISCUSSIONS
3.1. Effect of various surfactant concentrations on water flux and reverse salt flux

Figure 2 shows the reverse salt fluxes and water fluxes for three draw solutions when DI
water is used as FS. The FO experiments were conducted in with membrane; the orientation of the
active layer facing the feed solution. It was observed that the reverse flux for 0.1 M EDTA-2Na
mixed with 1.2 mM Triton X114 was considerably lower than that for 0.1 M NH4Cl (18 times) and
0.1 M MgSO, (16 times). Because, EDTA used in this study contained highly negative charged
compounds, which resulted in increased electrostatic repulsion between the negatively charged FO
membrane and negatively charged HEDTA]> leading to decreased the reverse salt flux. Moreover,
the adsorption of Triton X114 on the FO membrane caused by the hydrophobic interaction between

the tail of Triton X114 and the membrane constricted membrane pores, which reduced the reverse
salt diffusion of ions.

As can be seen in Figure 2, a mixed 0.1 M EDTA-2Na/1.2 mM Triton X114 draw solution
achieved the highest water flux (Jw = 4.75 L/m’ h), followed by 0.1 M NH,CI (Jw = 4.17 L/m* h)
and then 0.1 M MgSO, (Jw = 3.78 L/m” h). However, the difference in the water fluxes of these
DSs was insubstantial. Moreover, the specific reverse salt flux (Js/Jw) of mixed 0.1 M EDTA-
2Na/1.2 mM Triton X114 draw solution was the lowest (0.03 g/L). Thus, among draw solutes, a
mixed 0.1 M EDTA-2Na/1.2 mM Triton X114 draw solution is expected to show the highest
performance for the sponge OsMBR/NF processes.

w S v o

Water flux (L/m2 h)
N

Reverse salt flux (g/m2 h)
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—— —l

0.1 M NHA4CI

0.1 M MgS04 e O

0.1 M EDTA-2Na + 1.2 mM Triton X114

Figure 2. Water flux and reverse salt flux of different draw solutions (active layer facing the feed
solution, temperature of 25 + 2 C, using DI water as feed solution)
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3.2. Water flux and salt accumulation during sponge OsMBR operation

Figure 3 shows the water flux as a function of time for the period of testing the sponge
OsMBR system using mixed 0.1 M EDTA-2Na/1.2 mM Triton X114 as draw solution and Da Lat
wastewater as feed solution. The water flux decreased gradually (from 4.52 to 3.79 L/m” h) because
of an increase in the TDS in bioreactor tank (from 504 to 1437 mg/L) and membrane fouling. The
mild water flux decline suggested that membrane fouling in the sponge OsMBR is insubstantial as
most of the microorganisms are attached to the sponge carriers instead of the membrane, thus
preventing membrane fouling. Moreover, because the sponge OsMBR system was operated with
the membrane active layer against the mixed liquor (FO mode), foulant deposition occurred on the
active layer, where it could be removed by the hydraulic shear force.
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Figure 3. Water flux of the hybrid sponge OsMBR system versus time, b. Salt accumulation in the
bioreactor during the operation of the OsMBR hybrid system. Error bars were based on the
standard deviations of three replicate tests of three in dependent membranes

The salt accumulation of the sponge OsMBR system is shown in Figure 3. The result shows
that the TDS in the bioreactor increased gradually from 450 to 1525 mg/L after 30 days of operation
because of the high rejection of dissolved solutes in the feed by the FO membrane. However, the
concentration of the accumulated salt in the bioreactor was relatively low (< 2 g/L) after 30 days of
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operation. It is due to the low specific reverse salt flux from the novel DS, which allowed normal
growth of the microbial community. In practice, to prevent the inhibition of the activities of the
microbial community, the maximum bioreactor tank salinity must not exceed 2 g/L [5].

3.3. Nutrient removal efficiency

Figure 4 and 5 illustrates the variations in the rejection of NH,-N and PO,”-P during hybrid
sponge OsMBR/NF performance. In the hybrid sponge- OsMBR/NF system, the integration
between biological treatment and high retention membrane processes could achieved the high
contaminants removal (> 97 %) and produce high quality recycled water. Figure 4 depicts the
variation of NH, -N concentrations in influent wastewater, bioreactor, effluent and NH,-N
removal. Compared to the influent NH, -N concentration of around 45 mg/L, the NH,'-N bulk
concentrations in the bioreactor were much higher (NH4 -N concentration ranging from 55 to 67
mg/L), indicating significant accumulation of NH,'-N in the bioreactor. The NH, rejection
efficiency using the FO membrane was around 75 %, which retained a considerable NH; -N
concentration in the reactor. Additionally, the NH;'-N removal of moving sponge OsMBR/NF
system was over 98 % and the NH, -N effluent concentration was less than 0.87 mg/L.
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Figure 4. NH, -N removal efficiency during the operation of hybrid sponge OsMBR/NF system
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Figure 5. PO,/ -P removal efficiency during the operation of hybrid sponge OsMBR/NF system
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Figure 5 confirms that the concentration of PO,”-P in the reactor increased gradually and
reached 56 mg/L which was approximately four times higher than that of PO,”-P concentration in
influent wastewater. This phenomenon could have explained because the FO membrane with small
pore radius of 0.37 nml ed to a high rejection of PO, -P from wastewater, which accumulated
significant amounts of PO,”-P in the bioreactor. The hybrid sponge OsSMBR/NF system removed
more than 96 % of PO, P which was higher PO, P rejection than other MBR systems [6] and this
result agreed with Holloway et al. [5].

IV. CONCLUSIONS

In this study, a hybrid sponge OsMBR/NF system was successfully employed to treat Da Lat
wastewater using a mixed EDTA-2Na/Triton X114 as the suitable to achieve a high-water flux and
low reverse salt flux. The proposed system indicated an excellent ability to reject NH,"-N and PO,>
-P (> 96 %) and this was regarded as good reuse of water. Moreover, sponge OsMBR attained an
average water flux of 3.92 L/m* h and minimal fouling because the sponge's performance as a free
actively moving biocarrier in the reactor cleaned the membrane continuously.
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Tom tit

Mot khdi niém méi cia sw két hop giita vt liéu bot bién, bé phan iing mang tham thau thudn va
mang NF, dwoc biét nhu la hé lai hop sponge OsMBR/NF da duwoc diéu tra boi sir dung hop chat
hoat dong bé mat Triton X-114 két hop voi muéi EDTA-2Na nhu la dung dich tgo ap sudt. So véi bun
hoat tinh - OsMBR, hé sponge OsMBR/NF c6 thé logi bé cdc chat dinh dudng tot hon béi vi ¢6 lop
mang sinh hoc hinh thanh trén vt liéu mang bot bién. Két qua cho thdy it ¢é sw ban mang dwoc quan
sdt trong suot qud trinh xir 1y nude thai. Théng lwong dong nwée tham cao va dong mudi gi ngirgc
thd'p da dat duoc khi su dung nuoc cat nhu dung dich nuoc dau vao va hén hop 0.1 M EDTA-2Na va
1.2 mM Triton X114 nhw dung dich tao dp sudt. Hé lai hop sponge-OsMBR/NF ¢ quy mé phong thi
nghiém chi thdy rang théng lwong tham én dinh va tich lity mudi thap da dat dwoc trong 30 ngay vin
hanh. Hon nita, hiéu qua logi bé cdc chit dinh dwong NH,"-N va PO, -P (> 96 %) vdi chat lwong
nude sau xir Iy 10t va cé tiem nang cho tdi sir dung niedc.

T Khéa: Tham thdu thudn, hon hop dung dich tao dp sudt, di chuyén bot bién, tdi sir dung nuwdc
thai, loc nano.
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