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TOM TAT

Methane (CHy) sinh ra tu moi truong thuy
sinh dwoc xem nhw la mot trong cdc nguén sinh
khi hiéu 1tng nha kinh quan trong dong gop dang
ké vao sw am lén toan cau. Bé gidm sdt mot cdch
lién tuc, lau dai dong khi methane thodt ra tir moi
trieong nwoc kénh rach tai thanh phé, mot hé
théng ldy mau va do tw dong sir dung buong néi
tich hop cam bién methane (Automated Floating
Chamber integrated Methane Sensor — AFCMS)
da dwoc ché tao véi cdc ban mach diéu khién va

PIC datalogger véi chi phi thap hon so véi khi ché
1o tai nude ngodi. Budng néi tich hop cam bién
methane  (Panterra, Neodym Technologies,
Canada) hoat dong 16t khong chi o bé mat nudc
yén tinh ma ngay cd bé mdt nwéc cé tau thuyén
qua lai thuong xuyén phit hop véi hé thong kénh
rach ciia thanh phé. Cam bién (ky hiéu 1501-1) ¢6
LOD = 0,45 ppm va dj tuyén tinh cao trong
khodng tir 2 dén 30 ppm véi R? = 0,9947 thich hop
cho viéc khdo sdt sw phdt thdai methane trén kénh

rach tai thanh phé .

Tir khéa: CHy, khi hiéu iing nha kinh, buong néi, AFC

MO PAU

Trong chu trinh carbon tu nhién, cac khi nha
kinh carbon dioxide (CO;) va methane (CH4) chu
yéu c¢6 ngudn gbc tir hé thiy sinh tw nhién (hd,
song, cira séng, ving dam lay), tir cac hé sinh thai
trén can (rung, dat) trong d6 CHy la khi nha kinh,
dong gop dang ké vao sy 4m 1én toan cau do tinh
chét birc xa ctia né trong viéc hip thy va phat ra
biic xa trong pham vi hdng ngoai nhiét. Thé niang
gy hiéu ung nha kinh ctia CH; manh hon 23 lin
so v6i CO; tinh theo chu ky 100 nam [1] do do
lwong CHy sinh ra c6 thé thip hon so voi CO, tinh
vé& luong C, nhung vi tinh chit gay hiéu ing nha
kinh manh hon CO,, nén lugng nhé CHj, thai ciing

c6 thé ting hiéu Ung nha kinh. Cac qua trinh nay
bi anh hudng tryc tiép boi cac diéu kién thity vin
nhw nhiét 46, 4p suét, thiy triéu ... [2, 3]. Hon nita,
v6i ban chat lugng CH, sinh ra tir 16p tram tich ky
khi ¢6 nguy co ty 1€ thuan véi nhiét do [4, 5] thi
viéc khao sat su phat thai ctia khi CH, tir 16p trim
tich cuia hé théng song ngoi, kénh rach, cac hd
cang tré nén cip thiét trong bdi canh néng 1én cua
Kkhi hau toan cau.

CH, phat thai tir hd nhiét d6i chiém 58400 %
s0 voi moi truong phuwong béc va 6n doi, nhung c6
it cac thuc nghiém do luong CH4 & céac hd nhiét
dé6i [6]. C6 nhiéu nghién ctru lién quan dén dong
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khi thai CHy4 tir moi trueong thiy sinh khac nhau:
bién, hd tu nhién, df‘)ng laa, hd thiy dién nhung
chi c6 mdt vai nghién ctru xem xét sy bién ddi khi
thai CHy4 theo thoi gian va khong gian tir bé mat
nudc.

Ngay nay cac thiét bi do luong ngay cang phat
trién v&i do chinh xac t6t hon, van hanh tu dong
v6i chi phi thap hon va dic biét phan giai cao theo
su bién dbi thoi gian va khong gian. Tuy nhién,
trén thé gidi, cac nghién ctru theo ddi nhitng khi
hiéu ung nha kinh CHy c6 dir li¢u kha roi rac va
khong théng nhit v& phuong phap. Nhom tac gia
Biswas et al. [7] nghién ctru dong khi CH4 thai ra
tir trAm tich rirng ngdp min & ving d6i b Hooghly
Malta & An Do bang cach xac dinh ndng do CHy
hoa tan trong nudc, sau do6 tinh toan dong khi CHs4
v6i hé sb k tinh tir te d6 gié. Phuong phap nay co
nhuoc diém la phai st dung HgCl, dé cb dinh mau
CH,4 va md hinh tinh hé s6 k tinh tir tbc do gi6 chi
duogc khuyén céo sir dung & ving nuéc md (open
water). Vi tc 46 gi6 thay dbi thudng xuyén va phu
thudc nhidu vao dia hinh nén két qua cua nghién
clru ndy co do tin cdy thip va rit kho dé sir dung
@i chiéu. Cing hudng nghién ctru nay, nhom tac
gia Allen et. al. [8] sit dung phwong phap budng
ndi (Floating chamber — FC) dé xé4c dinh dong khi
CHy, thai ra tir trim tich ctia rimg ngap min ¢ Uc.
Két qua nghién ctru ¢ day cho thiy lugng CH, thai
ra thay d6i theo mua, trung binh tir 3 pg CHy m2
h' dén 17.37 mg CHs m? h'!, twong duong vai
98% duong luong C_CO, (C gay hi¢u ung nha
kinh). Ngoai ra, cac nghién ctru sy phat thai khi
CO,/CH, tai séng ngoi, cira song, hd cho thiy ham
lwong khi thodt ra ciing khong ddng nhét va phy
thudc rt nhidu vao dic tinh moi truong nudc, bun
ling. Theo bao céo cua EPA (2010) [9] cho thiy
udc tinh lugng khi CH4 thoat ra tir song ngoi
khoang 1,3-2,3 Tg CH4/nam.

Cac khi CHy va CO, tir trAm tich dudi mat
nudc s€ thoat vao khong khi qua ba dong chinh:
dong khuéch tan (diffusion), dong bong bong
(ebullition) va dong thuc vat (aquatic vegetation)

[10-14]. M6t s6 nha khoa hoc d sir dung k¥ thuat
do vi khi hdu (micrometerological techniques) nhu
Eddy covariance tower dé do dong khi CH4 va
CO; thai ra [15]. Phuong phap nay két hop viéc do
téc do, hudng gio va do nong do khi trong khi
quyén dé tinh toan su phat thai ciia khi hidu tng
nha kinh. Do khéng gian di chuyén cua khdi khi
kh4 16n nén viée xac dinh ngudn gdc cia cac khdi
khi CH4 va CO; ciia phuong phap nay kha thip.
Phd bién nhét hién nay van la phuong phéap sir
dung budng ndi do chi phi thap, k¥ thuat don gian,
dé dang di chuyén [16, 17]. K§ thuét ndy cho phép
xac dinh tot ngudn gdc ciia mau khi tich tu trong
FC. Trong phuong phap niy, mot budng ndi (thau
nudc up nguoc) dugc dit truc tiép trén mat bun
hodc nudc, mép ciia budng ndi s& chim trong bin
hodc nude khoang 2,5-3 cm dé dam bao kin khi.
Khi thoat ra tir bun hay méat nudc s€ dugce tich gop
trong budng ndi va ndng d6 ciia no s& thay ddi theo
thoi gian. MAu khi trong budng nbi s& dwoc 1iy sau
mdt thoi gian xac dinh tuy vao déi tuong khi va do
nhay ciia phuwong phép phén tich. Tir két qua trong
phong thi nghi€ém, luu lugng dong khi dugc tinh
toan theo cong thirc nhu sau (1):
(Cc,—cy)xPxV

RxT x Ax At (D)

V6i F (mmol m? h') 1a téc d6 dong khi thoat
ra tr bun hodc tir nudce di vao khong khi; C; va Co
(ppmv - pmol khi trén m&i mol khong khi) 13 nong
d6 khi trong budng ndi sau thoi gian t va & thoi
gian bt dau dit budng ndi; P 1a ap suat khi quyén
(atm); V (L) 1a thé tich budng ndi; R 12 hing s6 khi
chudn (82,0562 mL atm K-' mol'!); T(°K) nhiét d6
trung binh trong thoi gian dit budng ndi; A (m?) 1a
dién tich che phi mat bun hodc nudc cua buéng
ndi; At (h) 1a thoi gian dit budng nbi.

Tuy la phuong phap phé bién, nhung phuong
phap FC nay doi hoi nhiéu nhan lyc néu mubn két
qua do tdc d6 dong khi theo thoi gian, thi du: theo
gio trong ngay, theo mua, theo thiy triéu... chua
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ké phai dit nhidu FC ¢ nhiéu noi dé c¢6 thé theo di
dong khi thoat ra tir nhiéu diém.

Pé giai quyét van dé nay, mot hé thdng lay
mau ty dong (Automated Flux Chamber — AFC)
da dugc phat trién cho phép hd trg cic nha khoa
hoc c6 thé st dung phuong phap FC méot cach d&
dang. Bén canh viéc léy maiu tu dong, thiét bi nay
con cho phép ngudi dung két ndi voi cac loai cam
bién khac nhau nhu cam bién do nhiét do, ap sudt,
nong do khi CO,, CHy ...[18]. Hé thong tu dong
hoéa nay dugc thiét ké voi chi phi thap va sir dung
mé nguén mé (chi tiét thiét ké dién tir va phin
mém co thé download tai
ftp://ftp.geo.su.se/ducnguyen/outgoing) giup cho
céc nha khoa hoc tu ché tao thiét b nay dé phuc
vu muc dich nghién ctru.

Hién tai, & Viét Nam chua c6 thiét bi c6 thé
dap tmg yéu cdu cta nghién ctru khi thai nha kinh
tir b& mat nude hodc dat. T yéu cAu thuc tién va
kinh nghiém ché tao thiét bj do ty dong, chung toi
d3 phat trién thiét bi 14y mau va do khi methane tw
d6ng str dung phwong phap budng néi dap tng cho
moi treong lam viéc nong am tai Viét Nam. Uu
diém cua thiét bi 13 gia thanh ré nhung vin thyc
hién cac phép do vadi dg tin cay cao. Pay 1a bude
khéi dAu quan trong cho mot huéng nghién ciru vé
do lwong khi nha kinh tai Viét Nam bing thiét bi
duoc ché tao va lép dat theo yéu cAu cu thé cua noi
can khao sat.

VAT LIEU VA PHUONG PHAP
Hoéa chat

Khi chuan CHy 2 % = 0,02 tuong duong véi
20000 + 200 ppmv cua Air Liquide — DO No:
SD01178221

Dung dich NaCl bdo hoa: hoa tan khoang
110 g bot NaCl rén tinh vao 250 mL nudc cat,
khudy cho dén khi dung dich khong con hoa tan
thém dugc nita .

Céc loai syringe: 100 puL (hang Agilent), 5 mL
(hang Agilent), 30 mL (nhya) va 60 mL(nhya).

Vial 20 mL ¢ septum béng silicone co 16t
teflon (Vertical).

Thiét bi va dung cu

Cam bién methane 13 cam bién oxide kim loai
ban din (PN-SM-GMT-A040A-W20A-05-RO-
S0-E1-X0-12-P0-L2-J1-Z0, Panterra, Neodym
Technologies, Canada). Cam bién dwoc nha san
xuét hiéu chinh v6i khoang tuyén tinh dAu ra tir tin
hiéu analog tur 0,1-5 vdc twong duong v6i khoang
lam viéc 0 — 1000 ppmv. DJ phan gidi cua cam
bién 1a 5mV vé6i d6 chinh xac + Sppm. Thoi gian
dép tng va phuc hdi ciia cam bién tuong tmg 14 4—
10s va 10-20s. Cam bién hoat dong duoc trong
diéu kién do6 4m tuong ddi cao 10-95% va duoc
gin trong budng ndi dé do dong khi methane thoat
ra tir bé mit nude.

Thiét b sic ky khi ghép ddu do ion héa ngon
lira GC-FID Shimadzu 2010 cung véi cot sic ky
PLOT/ALOs3) - S bit hoat bing Na,SO, (Serial:
39809-01B; kich thudce: 30 m x 0,53 mm x 10 pum;
nhiét do sir dung cot tdi da: 180°C). Chi tiét
phuong phép phan tich khi methane bang GC-FID
duoc trinh bay trong Bang 1.

Bing 1. Chuong trinh phan tich CH4 bing GC —

FID
Khi mang Nitrogen
Téc do khi mang 30 mL phat!
Ché d6 tiém Chia dong (1:5)
Nhiét d6 budng tiém 120°C
Nhiét d6 dau do FID 230°C

Giir 85 °C trong 3 phut 1di
tang 20 °C/phat dén 170 °C
va giir trong vong 3 phut

50 uL

Chuong trinh nhiét

Thé tich tiém

Nguyén Ii hoat dong ciia hé thong AFCMS

Hé ldy mau va do khi ty dong sir dung budng
ndi co tich hop cam bién methane (Automated
Floating Chamber integrated Methane Sensor —
AFCMS) bao gdm budng ndi dwoc gin cam bién
methane & chop bén trong va hé dién tir - co khi
cho phép 14y mAu khi ty dong theo chu trinh dinh
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san vao cac vial chira dugn dich NaCl bio hoa
cung lac thu nhan tin hiéu do khi methane tir cam
bién trong d6 mdt chu ky ldy mau cua hé théng
budng ndi thu mau khi ty dong AFCMS gdm c6 3
qua trinh chinh: qua trinh tich Ity khi, 1dy mau va
dudi khi trong budng ndi:

Qud trinh tich lily khi

O trang thai tich Iy khi thi budng ndi duogc
dat trén mat nude va tich lity khi tu bé& mit nude
thoat ra. Cam bién methane dugc dit trong ving
khong gian tréng cua budng ndi dé do ndng do cua
methane v6i tan sb 1dy tin hidu (1-60 tin hidu trén
mdi phut) duge nguoi sir dung thiét 1ap. Thoi gian
tich 1ty khi c6 thé duoc kiém soat theo ché do hen
gi0 hoac ché d6 cam bién. Trong ché d6 hen gio,
mau dugc léy dua trén thoi gian da dinh trudce, o
ché do cam bién thi miu dugc ldy khi ndng do
methane da duoc tich liy 6 ngudng da cai dat
trudec.

Qud trinh ldy mau

Puoc kich hoat ngay sau qua trinh tich liy
khi, qua trinh nay dugc thuc hién bai hai giai doan
bao gdm giai doan lam sach dudong 6ng, van va
giai doan liy miu:

+ Giai dogn lam sach: cac duong 6ng, bo
phan chia dong khi va van mau duoc “lam sach”
v6i khong khi bén trong budng ndi nhim lam giam
anh huong ciia qué trinh 1dy mau trude d6. O giai
doan nay, van théng khi duoc mé ra va bom day
khi trong budng ndi qua hé théng.

+ Giai doan ldy mdu: miu khi duge léy khi
van thong khi va van 3 chiéu ¢ trang thai déng
trong khi mot van miu duoc mé ra. Mau khi dugc
bom vao vial théng qua mot van mot chiéu nhim
ngin ngira khong cho dung dich nudc mubi bén
trong vial tran ngugc vao cac van dién. Nudc mubi
trong vial dwoc dy ra trong qua trinh 1y khi thong
qua cac dau kim. Thoi gian 14y mau duoc thiét 1ap
sao cho trudc khi van mau déng thi van con mét it
nude mudi trong vial nhim biao quan méiu trude
khi tién hanh phan tich phong thi nghi¢m. Van

mau duoc mo ra theo thir tw 1 — 9 trong mdi chu
ky do AFCMS. Sau khi tit ca céc vial miu da dwoc
sir dung, hé thdng s& dimg thu méu va di vao trang
thai chd (ché d6 hoat dong thoi gian) hodc tiép tuc
ghi nhén tin hi¢u tir cam bién methane (ché d6 hoat
ddng theo cam bién).

Qud trinh thong khi

Sau khi 1y mdu, khong khi bén trong budng
nbi s& duoc thay thé bing khong khi bén ngoai dé
khoi dong mot chu ky 14y mau tiép theo. Van ba
chiéu dugc mé ra va khong khi bén trong budng
ndi s& duge bom vao banh xe. Khi d6 mot bén cia
buf‘)ng ndi s& duoc nhéc 1én khoéi mat nude cho
phép trao ddi tir do v&i khong khi bén ngoai. Mot
van 4p suét an toan dugc gin vao hé thdng nhim
ngdn chin luong khi du thira di vao trong banh xe.

Sau khi khéng khi bén trong budng ndi duoc
luu thong vai khong khi bén ngoai sau mot khoang
thoi gian da cai dit trude budng ndi dugc dong
bang cach ha thip canh nang cua budng ndi vao
nuée cho qua trinh tich liy khi tiép theo.

Tt ca cac cAu hinh va cac thong s6 cai dat vé
thoi gian bao gdm ché do lam viéc (theo ché do
thoi gian hay ché d6 cam bién), s6 lugng vial, thoi
gian tich liy khi, s§ lwong méu, thdi gian thong
khi dwoc nguoi st dung cai dat thiét 1ap theo yéu
cAu trén mot thé nhd SD. TAt ca cac thong tin cai
dit cling nhu tinh trang ctia hé théng thu méu ty
dong dwoc ghi lai trong mét file khi ma hé théng
bét dau hoat dong. Cac tin hiéu cam bién duge ghi
lai trén mot file riéng.

KET QUA VA THAO LUAN

Ttr phuong phép chudn hoa, chi phi thap: sir
dung budng ndi dé bét khi hiéu tng nha kinh thai
ra tor moi truong nudc, dya trén nghién clru cla
Duc et al., 2013 [19] ching t6i da phat trién hé
théng 14y mau va do ty dong dé thay thé phwong
phap thi cong. AFCMS c6 nhirng cai tién ty dong
hoéa, don gian hon trong van hanh, hoat dong trong
nhiéu méi trudong khac nhau. AFCMS c6 thé thuc
hién 2 nhiém vy riéng biét cing thoi gian: do ndng
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d6 khi va thu méu khi. Hé théng do ty dong ung
dung b6 vi xtr 1y chi phi thip, dugc 14p trinh bing
phﬁn mém tu viét dé diéu khién cac thiét bi ngoai
vi (nhu bom, van dién ...) va ldy dit liéu tir cam
bién. Sau khi lip dat hoan tat thi toan bo thiét bi
dugc dem ra dat ndi trén mit nude. Cac bd phan
chinh cua hop diéu khién gdm binh dién ic quy,
ban mach PIC datalogger, ban mach diéu khién thé
cAp, bom ldy mAu, van dién, gia giit vial mau.

Ban mach diéu khién thé cip (power control)

Béan mach PIC datalogger quan ly bom va van
dién théng qua ban mach diéu khién thé cip bao
gém mot loat cac transistors lam viéc nhu cong téc
on/off cua céc thiét bi ngoai vi (bom va cac van
dién), PIC s& giri mot tin hidu digital dén cac
transistor dé kich hoat thiét bi, két hop véi 1 tu
dién dé hd tro qua trinh on/off. Trong nghién ctru
nay, cac thiét bi ngoai vi 1a bom va cac van dién.
Mot diode duoc két ndi dé ngin soat dong dao
nhim bao vé mach dién. Ban mach diéu khién thé
cAp cung cip, phan bd ngudn dién (12 vdc tir 4c
quy) thanh ngudn 10 VDC cho ting cam bién va
3.3 vdc cho ban mach PIC datalogger (Hinh 1).
Céc tin hiéu twong ty (analog) tir cac cam bién s&
dugc luu trir trong thé nhé SD trén ban mach PIC
datalogger.

Ban mach diéu khién thé cép duoc thiét ké
bang phin mém thiét ké mach md ngudn mo
EAGLE. Phin mém nay c6 thé dugc download

mién phi tai.  http://www.cadsoftusa.com/

download-eagle/. Chét liéu duoc sit dung dé san
xuit mach dién diéu khién thé cép 1a FR-4.
Ban mach PIC datalogger

Ban mach ding dé khién cac qua trinh hoat
dong ciia hé théng budng ndi thu miu khi ty dong
duoc hoat dong nho nguﬁ”)n dién thé 3.3 vde/30 mA
cung cip tir ban mach diéu khién thé cip. Ban
mach PIC hoat dong dua trén vi diéu khién 16 bit
Microchip PIC24FJ128GA010, gdm 26 chan 1/0
tin hiéu sb didu khién cac thiét bj ngoai vi va thu
nhan tin hidu tir cac cam bién, trong do dén 16

chan c6 thé dugc lap trinh dé thu nhan tin hiéu
tuong ty va truyén tin hiéu dén vi didu khién
chuyén ddi tin hiéu tugng ty thanh tin hiéu sb (A/D
converter) v&i do chinh xac 10 bit va téc do
chuyén d6i dén 5x10° tin hi¢u/gidy. Ban mach PIC
¢6 thé thu nhan tin hiéu twong ty trong khoang 0-
3.3 vdc voi d¢ gidi 1a 3 mV. Thoi gian dugc ghi
nhan nho bo phén thoi gian thuc dugc tich hop san
trong vi diéu khién PIC24FJ128GA010. Dit liéu
duoc luu trir trong mdt thé nhd SD flash ¢6 dung
luong 2 Gb. Mot cng RS232 duoc tich hop trén
ban mach dé lap trinh va kiém tra tai phong thi
nghiém. Phin mém dé& vén hanh va ghi dir liéu cua
ban mach PIC c6 thé dugc lap trinh bﬁng ngon ngir
C ké hop véi cac phan mém bién tap code ctia hing
Microchip (Hinh 2).

Ciing gidng nhw ban mach diéu khién thé cép,
ban mach PIC datalogger thiét ké bang phdn mém
thiét k& mach ma nguén md& EAGLE va mach dién
PIC datalogger dugc san xuéit béng chit liéu FR-
4.

Phin firmware dugc cai dat vao mach PIC
datalogger bang cach st dung mach nap chuong
trinh Microchip PICKit2 hodc 1a PICKit3. Phan
firmware duoc viét bang ngdn ngit lap trinh C va
phat trién bang chwong trinh soan thao MPLAB X
IDE va chuong trinh dich MPLAB XC16. Hai
chuong trinh nay c6 thé dwoc tai mién phi tai
website chinh thirc cua Microchip Technology
Inc.

Budng ndi (Floating Chamber — FC)

Budng ndi duoc thiét ké bao gdm hé thong
budng kin, phao ndi va h¢ thong dng dan khi. Tuy
vao myc dich sir dung va diéu kién thyc té ma thiét
ké c6 thé thay ddi (cac thong sb, bd phén céu tao),
nhung mét budng ndi van phai dat nhitng yéu ciu
nhu: (i) Budng ndi phai chim sau du6i bé mit nuwdce
tr 2-3 cm, nhdm bao dam do kin cua buéng ndi;
(ii) Bén ngoai duoc bao boc bang mét 16p cach
nhiét (boc nhém) dé 6n dinh nhiét bén trong; (iii)
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Hé théng phao ndi phai dam bao d6 ndi va 6n dinh
cho thiét bj.

Budng nbi bang chét liéu polypropylene dwoc
bao pht bén ngoai boi 16p gidy nhom, khi ngap
du6i mit nuée khoang 2-3 cm s€ c¢6 dung tich V
=10 L va duong kinh 1a 22 cm tir d6 tinh ra dién
tich che phu bé mit nuéc A = 0,038 m2 Ban v&
thiét ké chi tiét thé hién trong Hinh 3. M{t thanh

x6p khéng thim nude hinh try réng (dai 0,5 m,
duong kinh ngoai 0,05 m, duong kinh trong 0,02
m) duoc boc 16p vai khong thAm nude (mau xanh
dwong) 6m xung quanh budng nbi. Mot rudt xe
(duong kinh ngoai 0,22 m), dwoc két ndi voi
budng ndi théng qua mot thanh nhém hai chan (hai
chan béng nhoém tao mot goc < 30° dé dat 46 ndi
t5t nhit) (Hinh 3 va 4).

12Vdc input

=% 1 Pins 16 purnp and-valve

7

4-terminal connector for 3-terminal connector for
€.g. pressure sensor €.g. temperature, methane
sensors

cr

)0,

40 pin connector to PIC datalo,

Hinh 1. Hinh anh ban mach diéu khién thé cép

sau khi ché tao: mat trén (trai), mat dudi (phai)

RS232 connector
4

power control board

LED indicator

Setting switch
connection

Main switch
connection

Hinh 2. Hinh anh ban mach PIC datalogger sau khi ché tao: mat trén (trai), mat dudi (phai)
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Hinh 3. Bian v& ki thuat ciia budng ndi v6i dudng kinh trong 22 cm, chidu cao budng ndi 22 cm, chiéu cao phao ndi

5 cm va duong kinh ruét xe khi phdng 1én 1a 16 cm

Hinh 4. H¢ théng AFC tich hop cam bién CHa: hop chira thiét bj cung céc vial iy mau khi (bén trdi); budng néi khi
Up xuong tai kénh rach (bén phai, phia trén) va vi tri cua cam bién dugc dat trong hop (c6 duc 16) phia trong budng
noi (bén phdi, phia dudi)

Ngoai ra con c6 cac bd phan khac nhu:

Nguon dién (power supply): Ac-quy 12 vdc
acid-chi (7 Ah, phong di€ém cham) cothé duoc sac
lién tuc bang mot pin nang lugng mat trai 18.10
vde/10 W (model SC-10M, cong ty cong nghé
dién tir - vién thong qubc té Dong

Bom ldy mau: Mau khi dugc thu bang cach sur
dung bom 12 vde/60 mA  (model
3013VD/0.7/E/LC, Thomas Scientific) voi tdc do
dong khodng 500 mL phiit™ .

11 van dién: 10 van dién hai chiéu 12 vde/100
mA (model E210C-2W012, Clippard minimatic)
gin & bd chia dong 10 nhanh, trong d6 c6 9 van
két ndi v6i cac lo chira mau (dung tich 20 mL)
chira diy NaCl bdo hoa (dung bao quan CHy) qua
éng polyurethane dai 10 cm, id 3,175 mm
(Clippard URT1-0805) va 1 van con lai dong vai
tro nhw van théng khi dé rira duong éng dan va cac
nhanh chia dong trudc khi léy mau; 1 van dién ba
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chiéu 12 vde/200 mA (model E3015F-2W012,
Clippard minimatic).

Tét ca thiét bi trén dugc chira vao hop nhya
(410 x 297 x182 cm) chit lidu polypropylene cimg
gin phao xung quanh dé c6 thé ndi trén mat nudce
va chiu dugc mua ne'ing. Trén na'ip cua hop co 3
duong nbi éng dan khi (36) ndi v6i budng ndi va
duoc dat 1 tAm pin mat troi 13,5 vde/SW. Thiét b
gon gang, linh déng di chuyén ngoai hién truong.
Thiét bi sir dung ngudn dién mot chidu c6 dong
nho nén an toan cho nguoi van hanh.

Phuong phiap GC-FID st dung trong dé tai
nghién clru nay nhu 12 mdt phuong phép tiéu
chuin dé xac dinh chinh xac ndéng d6 CHy trong
mAu khi hit bang syringe tir budng ndi va tw dong.
V6i phuong phap 14y miu bang tay mot syringe sé
dugc st dung @8 rat khi tryc tiép tur buéng ndi rdi
cho vao vial ¢6 chira dung dich mubi NaCl bio
hoa. Véi bd 14y mau tu dong thi khi trong budng
nbi s& dwoc rat tr dong bang bom (theo chuong
trinh d cai dat) vao cac vial chira ddy dung dich
mubi NaCl bio hoa. Céc vial khi nay dwoc dem vé
phong thi nghiém va xac dinh néng d6 CH, bing
phuong phap GC-FID.

Vial duoc chuén bi bang cach lép diy bing
dung dich mubi NaCl bdo hoa va duoc bit kin bing
mot mit lam bing cao su téng hop butyl (1a
copolymer cua isobutylene va isoprene) day
khoang 10 mm. Sau d6, mau duge liy bang cach
tiém mau vao vial 14t nguoc xudng va dung dich
mudi thoat qua mot ddu kim khac dén khi 4p suét
trong vial béng v6i ap suat khi quyén. Ky thuat nay
duoc sir dung nhu mot phuong phap bao quan mau
CHj4 trong mot khoang thoi gian dai. Thoi gian tir
lac 14y mau dén khi dem do t6i da 1a 1 thang dé
dam bao su thét thoat khi 1a khong dang ké.
Dinh gia qua trinh thu giir khi ciia budng ndi

Do tin cdy cla cac gia tri nf‘)ng d6 cua CHa
hodc CO; théng qua viée do tryc tiép tir cam bién
va qua trinh 14y méu ty dong cia bd ldy miu tw
dong phu thudc vao hiéu qua luu gitr khi cta

budng ndi. Budng ndi sau khi duoc ché tao phai
lwru giit toan b lwong khi khuéceh tan tir ving nude
ma budng ndi che pht.

Dé danh gia qua trinh thu giir khi ciia budng
nbi di ché tao, chung t6i tién hanh mo phong qua
trinh khi CH4 khuéch tan tir mat nuée vao khong
khi bang cach tiém timg lwong khi chudn CH,4 nhét
dinh bén dudi mat nuéec ma budng ndi che phu.
Tién hanh danh gia tai 3 khoang ndng do nhu sau:
40, 200 va 400 ppm. Mau khi 1dy tir budng nbi s&
dugc tiém vao GC-FID dé xac dinh ndng do. Két
qua thu dugce (bang 2) cho thiy khong c6 sy khac
biét giita ndng d6 CH, thu giir vao vial dem di x4c
dinh bang GC-FID so véi ndng do tiém vao. Nhu
véy budng ndi d3 thu giita toan bd khi thoat ra khoi
bé mat nudc.

Biang 2. Két qua kiém tra qua trinh thu git khi
CH, ctia buong noi

Nong do Néng d¢ xéc dinh RSD (%)
tiém bang GC-FID (s6 14n tiém

(ppm) (ppm) n=3)

40 ppm (1) 38 0,88

40 ppm (2) 43 0,069

40 ppm (3) 41 0,23

200 ppm (1) 207 1,8

200 ppm (2) 209 1,3

200 ppm (3) 215 2,1

400 ppm (1) 414 (tiém 1 lén)

400 ppm (2) 422 (tiém 1 lén)

Hiéu chuan cim bién CHa

Cam bién do CH, di duoc nha san xuat higu
chinh tai nhiét 6 25 °C va do 4m khoang 60 %.
Tuy nhién khi sir dung trong cac diéu kién moi
treong khac nhau vé nhiét 46 va do 4m nhét 1a tai
Viét Nam thi n6 phai dugc hi¢u chinh lai cho phu
hop.

Chung t6i tién hanh tha budng ndi di dugc gin
cam bién 1én bé chira nhan tao tai phong thi
nghiém vé&i dudng kinh bé 1a 2 m va chiéu sau la
40 cm duoc chira nude sach. Sau do, tién hanh
tiém lién tiép nhiéu 1dn, mdi 1an 20 mL khi chuén
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methane 2 % vao budng nbi tir dudi nude 1én vai
tbc d6 60 mL phat! dé mé phong qué trinh khi
thoat ra tir trong cot nudc 1én bé mit giao nhau
gitra nudc — khong khi vao trong budng ndi. Khi
gia tri thé cia cam bién trd nén 6n dinh thi ghi
nhén gi4 tri cam bién trong khoang 5 phut va tiép
tuc tiém thém chudn vao budng ndi. Tién hanh liy
gi4 tri trung binh chinh 14 gi4 trj tin hiéu cta ndng
d6 khi CH, trong budng ndi. Chung t6i tién hanh
dyng duong chudn tin hiéu cam bién ghi nhan
duoc theo ndng d6 khi methane 1y thuyét. Két qua
hiéu chuén cam bién ma sé 1502-1 dugc trinh bay
trong Bang 3, tir d6 xdy dung db thi biéu dién sy
bién thién gifta tin hi¢u thé do dugc (V) ciia cam
bién so véi sy thay déi cua ndng d6 CHy (Hinh 5).

Tur db thi xac dinh dwgc phuong trinh hiéu
chuén ctia cam bién 1502-1:

z1=0,0024%xCcns + 0,1152 (V)

v6i hé s6 goc m = 0,0024. Hé sé goc nay duge
sir dyng dé tinh toan thong luong Fy .- Ngoai ra
trude mdi 1an di khao sat tai thyc dia thi déu phai
tién hanh budc hidu chuin nay dé dam bao d6 tin
cdy va tinh 6n dinh cua cam bién va ciing dé didu
chinh lai hé s6 goc nay cho phu hgp. Tuy nhién,
trong qua trinh khao sat kéo dai 1 nam thi ching
t61 nhan thiy tin hiéu cam bién van rat én dinh.

Bing 3. Nong d6 Iy thuyét va tin hi¢u ghi nhan
cua cam bién 1502-1

Thé tich khi Nong do 1y Tin higu cam
tiém thuyét bién (1502-1)
(mL) (ppmv) ™

0 0 0,11
20 40,4 0,23
40 80,8 0,31
60 121,2 0,39
80 161,6 0,48
100 202 0,62

Khi tién hanh do khi tai thuc dia s6 lidu thu
duoc s& cho ra biéu dd bidu dién tin hiéu cam bién
methane (V) theo thoi gian xac dinh ¢6 cong thirc
hdi quy: y = axt + b (V). Tir day xac dinh gié trj
thong luong F¢y, theo cong thirc:

a PV a 1x10
= X —_—=—X
T m RTA m 82,0562x(T°C+273)x0,038

0,7 -
0,0024Cy, +0,1152 A
R2=0,9907

0,6 4 %1

0,5 4
S04 1
0.3 -
=

=
0,2 4

0 : — . . . .
0 30 60 90 120 150 180 210
Nong d¢ khi (ppm)
Hinh 5. Pudng hiéu chuin cam bién methane 1502-1

Kiém tra do 6n dinh ciia cam bién CHs va xéc
dinh giéi han phat hién

Kiém tra su 6n dinh cta cam bién qua bién do
nhidu nén cta cam bién methane rdi tir d6 xac dinh
giéi han phat hién ctia cam bién methane. Trong
khong khi co nf”)ng d6 methane khoang 2 ppmv nén
chung t6i coi nhu tin hi€éu do dugc cia cam bién
s& trong Ung v&i ndng d6 2 ppmv nay. Két qua xac
dinh ndng d6 methane trong khong khi bang GC-
FID ciing cho ra két qua twong tir. Thyuc hién do
ndng do methane trong khong khi bing cam bién
methane trong khoang hon 2 gi® v&i tin sé 13y tin
hiéu 13 10 s. Tir d6, ta x4c dinh d0 nhifu nén va
2i61 han phat hién LOD.

Sau khi tién hanh do methane trong khong khi
bang cam bién methane trong khoang thoi gian
lién tyc hon 2 tiéng thu duoc két qua trong Bang 4
va Hinh 6.

Bing 4. Két qua do methane trong khong khi

Gioi han
I Nhiunén | phathién
Két qua do (SD) LOD =
3xSD
0,123 £0,001V 0,009 V 0,028 V
twong tmg voi tuong ing | tuong ung
nong d6 la 2 v6i 0,15 v6i 0,45
ppmv ppmv ppmv
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Kiém tra tinh dung dn cua gia tri LOD dugc
xac dinh can cr vao danh gia S/N theo cong thirc:
S xm
N SD

Néu 3 < S/N < 10: chdp nhan
Néu S/N > 10: giam xn, va x4c dinh lai SD

0,200
0,160

0,120

0,080

0,040

Tin hién cam bién CHy4 (V)

0,000
0 2000 4000 6000 8000 10000
Thoi gian (s)
Hinh 6. Tin hi¢u do methane trong khong khi bang
cam bién methan

Kiém tra do dap ng (d6 nhay) ciia cim bién
CH4

Do dap ung cla cac cam bién s& duoc kiém tra
béng cach thém ting luwgng xac dinh CHs vao
budng nbi theo xu huéng ting dan. Tin hiéu dién
(mV) va ndng do twong tng ciia CHy trong ving
khong gian rdng ctia budng ndi s& duoc ghi nhan.
D6 thi biéu dién mbi quan hé gitra tin hi¢u ghi
nhan béi cam bién (tin hiéu dién, mV) va néng do
CHj sé& cho biét sy thay ddi cua tin hidu cam bién
theo sy thay ddi ndng d6 khi trong budng ndi
(mV/ppmv CHa).

Tiém 14 lan lién tuc khi chuan CHs 2 % vio
budng ndi véi lrgng tiém mdi 1an 1a 1 mL khi. Nhur
vay ndng do khao sat s& dao dong tir khoang 2
ppmv dén 30 ppmv.

Két qua thu duge trinh bay trong hinh 7 cho
thdy viéc thay ddi trong 1 khoang ndng dé twong
d6i 16n ciia CH, tir 2 ppmyv dén 30 ppmv thi cam
bién van cho d6 dap tng tét v6i hé s6 R2=0,9947.

y=0,0031x+0,1101
R?=10,9947

bién (V)

hiéu cam

0 5 10 15 20 25 30
Nong d6 CH, (ppm)

Hinh 7. D6 thi biéu dién sy thay déi tin higu clia cam
bién methane theo nong do

Kiém tra hi¢u img luwu khi ciia AFC dbi véi viée
do khi CH4

Hé théng AFC dugc kiém tra trong bé nudc
va ham luong CH, duoc thém vao budng ndi theo
xu huéng ting dan. Qua trinh théng khi dugc khoi
d6ng sau khi thém mét thé tich xac dinh khi chuin
CH, vao budng ndi, va qua trinh khuéch tan khi tir
trong nudc dén ving khong gian réng (headspace)
dat dén can bang. Khoang thoi gian dé tin hiéu tré
vé 0 tir lac bat dAu qué trinh thong khi cho biét thoi
gian thong khi can thiét cho qu4 trinh 14y mau tiép
theo.

Qua trinh thyc hién thi nghiém nhu sau: dé
budng ndi cé thé tich 10 L trén bé mit nudc cua
bé thi nghiém; tiém nhanh (du6i mat nudc) vao
budng ndi 100 mL khi chudn CH, 2 % (~ 20 000
ppmv) (do lwong khi chuin CHy rét dit tién va
chung t6i khong co nhiéu nén khong thé tiém
lwong 16n v6i luu lugng cao trong nhidu phut); tién
hanh do trong 5 phut rdi chuyén qua qua trinh lam
sach budng ndi trong 5 phiit va cudi cing 1a lam
xep bong bong (dung dé nang ha budng ndi) trong
5 phit dé tiép tuc chu ky sau.

Luong khi CHy cho vao budng néi & trén s&
la:

00 m

100 mL
0L =200 ppm 2)

CEHI ¥4°=20000 ppmx
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Luong khi CH, c6 sén trong budng nbi (trong
khong khi) vao thoi diém khao sat & khoang 2
ppmv twong Ung véi tin hiéu do thé 1a 0,123 V
(Bang 4). Tin hiéu cam bién do duoc sau khi tiém
lwong khi CHy vao budng ndi 1a khoang 0,650 V.
Két qua cho thay sau 5 phut thdi khi trong budng
ndi thi tin hiéu cho trd lai néng d6 CH4 trong
khong khi 1a ¢ khoang 2 ppmv chung to6 qua trinh
thong khi dam bao lam sach budng ndi va toan bd
hé thong duong dng dan khi (Hinh 8).

it
e

0.000 \ \
13:40 13:55 14:09 14:24 14:38 14:52
Thoi gian

0,800 -
0,700 |
0,600
0,500 |
0,400
0,300 |
0,200
0,100

Tin hiéu cam bién CH, (V)

Hinh 8. D4 thi khao sat hiéu ung luu cta khi methane

Pinh gia sy twong dong giira gia tri F(CHs-GC)
tir GC-FID va F(CHs-S) tir cim bien

Hé AFC tich hop cam bién CH4 dugce st dung
dé khao sat lugng khi CHy4 phat thai tir cac kénh
rach trong thanh phé. MAu khi thodt ra tir bé& mat
nuéce s& duge thu gitt tw dong tir budng ndi vao cac
vial chita dung dich NaCl bdo hoa d& dem vé
phong thi nghiém phan tich bang GC-FID tinh
duge F(CH4-GC). Bong thoi vao thoi diém d6 cam
bién ciing thu nhan tin hiéu va tir 46 chiing t6i tinh
duogc F(CHs-S). Chang toi chon diém khao sat tai
khu vuc ciu Do thudc Rach Ciu Sontai quan Binh
Thanh (10°49'03,4"N; 106°42'21,7"E). Day la con
rach nho chay ngoin nghéo qua cac khu dan cu
dong dic ciia nhidu phuong & quan Binh Thanh.
Doc theo con rach ¢6 nhiéu miéng céng nudc thai
sinh hoat ciia cu dan db truc tiép xubng con rach.
Nudc ¢6 mau den va mui hoi ndng nic. Khi thay
triéu xuéng, mat nudc ha kha thép. bia diém do
cach cau Do khoang 80 m, co chiéu rong rach
khoang 20 m, cach bo khoang 7 m. Do thudng bi
dong déap vé phia Binh Triéu nén trong mot s6 giai
doan do gia tri d6 sdu khong thay d6i, dong thoi
khong c6 dong khi dong dép. Do sau tai day kha
thép, trong khoang 2 ~ 4 m va gn nhu khong c6
tau thuyén di chuyén qua khu vuc ndy do gm ciu
D6 qua thap. Két qua do dugc trinh bay trong Bang
5.

Bang 5. So sanh thong lugng khi CHs do tir GC-FID va cam bién

Mau khi Thoi gian F(CH4-GC) F(CH4-S)

CD 1 26/3/2016 9:59 AM 1,95

CD 2 26/3/2016 10:42 AM 2,08 3,29
CD_3 26/3/2016 1:09 PM 7,18 7,10
CD 4 26/3/2016 3:13 PM 0,18
CD 5 26/3/2016 5:07 PM 2,48 0,79
CD 6 26/3/2016 7:17 PM 0,81 0,18
CD 7 26/3/2016 9:27 PM 3,63 1,63
CD 8 26/3/2016 11:04 PM 15,11 6,44
CD 9 27/3/2016 1:19 AM 19,58 16,36
CD_10 27/3/2016 3:19 AM 2,27 1,55
CD 11 27/3/2016 5:09 AM 0,49 0,19
CD 12 27/3/2016 7:19 AM 1,47 1,48
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Tir cac két qua khao sat & trén cho thiy hé
AFCMS ché tao ra hoan toan phi hop véi viée do
khi CHy4 trén bé mit giao dién nudc-khong khi.
Céc gia tri thong lugng thu dugce co su tuong ddng
kha 161 v&i nhau, thé hién xu hudng ciing nhu sy
thay d6i gidng nhau theo thoi gian. Tuy nhién, tai
mot sé diém hai gia tri ¢6 d9 chénh 1éch kha 16n
¢6 thé 1a do sy khac biét vé cach tinh thong luong
giita GC-FID va cam bién. Phwong phap GC-FID
dua trén viéc xac dinh néng d6 cta hai diém dau
va cudi khi ldy mau vao vial, tir 46 dua ra gia tri
thong luong. Gia tri nay chinh 1a gié tri trung binh
cua khoang thoi gian do. Trong khi do, cach xac
dinh théng lwong bing cam bién lai dua vao db thi
tin hiéu, lya chon khu vyce c6 gia tri tang tuyén tinh
dai nhét ctia thoi gian do. Tuy nhién trong khoang
thoi gian do dac nhu vy c6 thé xay ra nhidu hién
tugng khéc, 1am cho tai mdi khoanh khic trong
thoi gian do toc do thong luong co thé khong dn
dinh va gia tri thong luong trung binh cia GC-FID
s€ c6 chénh 1éch so vdi cach do bﬁng cam bién dac
biét khi c6 song hogic/va xudt hién dong bong bong
khi.Cac bong khi xuét hién ddy mot lugng khi 16n
vao budng ndi, khién gia tri ndng d6 khi c6 sy thay
d6i dot ngodt dan dén su khac biét giita s liéu do
bing GC-FID va sb liéu cam bién ghi nhan dugc
(Hinh 9).

25 1
—&— F(CH4-GC)

20 -
—e— F(CH4-S)

Feya (mmol m2 hl)
=)

0 T T T )
4:48 9:36 14:24 19:12 0:00 4:48 9:36
Thoi gian
Hinh 9. D) thi so sanh sy twong dong giita gi4 tri
F(CH4-GC) tir GC-FID va F(CH4-S) tlr cam bién

KET LUAN

Hé théng lay miu va do tw dong khi hiéu img
nha kinh methane AFCMS da duoc ché tao thanh
cong dé thay thé phuong phap thi cong. Chung t6i
da ché tao cac ban mach diéu khién va PIC
datalogger véi chi phi thdp hon so véi khi ché tao
tai nuwéc ngoai. Budng ndi hoat dong tbt khong chi
& bé mit nude yén tinh ma ngay ca bé mit nudce
¢6 tau thuyén qua lai thuong xuyén phi hop véi
hé théng kénh rach ciia thanh phd va thu giir toan
b6 khi thoat ra khoi bé mat nude. Qua cac nghién
ctru kiém tra higu nang va do tin cdy cua hé théng
cho thiy AFCMS hoan toan pht hop cho viée trién
khai thiét bi, 1y mau va do ndng do khi CH, tai
cic kénh rach cua thanh phd. M&i cam bién
methane tich hop vao budng ndi can phai duogc
hiéu chinh thudng xuyén. Cam bién oxide kim loai
b4n din cla hing Panterra, Neodym
Technologies, Canada) ky hiéu 1501-1 ¢6 LOD =
0,45 ppm va d6 tuyén tinh cao trong khoang tir 2
dén 30 ppm v6i R? = 0,9947.

Co ché dong CH, thai ra tir bé mit nudc -
khong khi rat phirc tap nén k¥ thuat yéu cau xéac
dinh CH4 phai giam sat lién tuc, 1au dai. Vai loi thé
vé chi phi thép, dé dang sir dung, it lao dong do tu
dong hoa, don gian trong khau thyc hién, danh gia
theo thoi gian va khong gian tét, AFCMS la cong
cu 4n dinh trong viéc do khi methane thoat ra tir
bé mit nude va hoat dong tdt trong diéu kién thoi
tiét, khi hau cua Viét Nam.

Tir thiét bi nay c6 thé thay ddi thiét ké trén ban

mach dé c6 thé luu trit va truyén tin hi€u qua mang
khong day hoac 3G dé tién t6i tu dong hoa hoan
toan va c6 thé theo dbi su hoat dong cua thiét bi tir
xa.
Loi cdm on: Nhom nghién cieu chan thanh cam on
s tdi tror ki,nh phi cua So Ki{oa hoc va ’Co”ng nghé
Thanh pho Ho Chi Minh dé tai ma sé MT-2014-
07).
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Development of an automated sampling
and measurement equipment to determine
the greenhouse gas methane on the water-
air surface of urban canals

Tran Thi Nhu Trang
e Nguyen Thanh Duc
e Do Minh Huy
e Trieu Quoc An
e Tran Hoang Dat
e Tran Duc Viet
e  Mai Trong Nghia
University of Science, VNU-HCM
ABSTRACT

Methane (CHs) emission from the aquatic
environment is considered as one of the sources of
greenhouse  gas  contributes  significantly
important to the global warming. For measuring
continuously the methane emission from the
water-atmospheric  interface an  automatic
sampling and measurement system using floating
chamber integrated methane sensor (Automated
Floating Chamber integrated Methane Sensor -
AFCMS) has been fabricated including the

control and PIC datalogger boards with a lower

cost than a commercial product. The floating
chamber integrated a methane sensor (Panterra,
Neodym Technologies, Canada) which works well
not only on the quiet water surface but even on the
oscillated one. The sensor (coded 1501-1) has a
low LOD = 045 ppm and a good linearity (R*> =
0.9947) of methane concentration ranging from 2
to 30 ppm. AFCMS system shows a good
performance of the equipment deployment for
sampling and measuring the methane emissed

from the urban canals.

Keywords: CHy, greenhouse gas, floating chamber, AFC
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