00000000

/7
E. Coli

v

Tac dong cua
Hé thong Bé Tw hoai lén

Chat lvong Nuwdc ngam

William Robertson
Bién dich: Nguyén Nhuw Hué

THE
GROUNDWATER

== PROJECT




Téc déng cta Hé théng Tuw hoai lén Chét ltong Nudc ngédm William Robertson

N

Tdc déng cua Hé théng Bé
Tw hoai lén

Chéat lvong Nuwdc ngém

The Groundwater Project

Tai ban mién phi The GROUNDWATER PROJECT ©The Author Trén trang gw-project.org
Bat ky ai ciing c6 thé st dung va chia sé cac lién két trén gw-project.org. Nghiém cam truc tiép phan phat cudn sach nay.



Téc déng cta Hé théng Tuw hoai lén Chét ltong Nudc ngédm William Robertson

William Robertson

Gido sw danh dv
Khoa Trdi dét va Khoa hoc Méi truong
Pai hoc Waterloo

Waterloo, Ontario, Canada

Bién dich: Nguyén Nhuv Hué
Chuyén gia phdn tich chinh sach méi truong
va ky sw quadn ly nuéc

Tdc déng cua Hé théng Bé Tw hoai Ién
Chét lwong Nwoc ngém

The Groundwater Project
Guelph, Ontario, Canada

ii
Téi ban mién phi The GROUNDWATER PROJECT ©The Author Trén trang gw-project.org
Bat ky ai ciing c6 thé st dung va chia sé cac lién két trén gw-project.org. Nghiém cam truc tiép phan phat cudn sach nay.



Téc dong clia Hé thdng Tw hoai Ién Chét luong Nudc ngdm William Robertson

ba dang ky ban quyén. Ban quyén an phdm nay da dugc bao vé. Khong duoc sao chép
bat ctt phan nao ctia cudn sach nay dudi bat ky hinh thitc nao hodc bang bat ky phuong tién
nao ma khdng duoc su cho phép bang van ban ctia téc gia (d€ yéu cau xin phép, hay lién hé:
permissions@gw-project.org 7). Nghiém cam phéan phoi thwong mai va tai xudt ban.

Cé4c an phdm ctia Dy 4n The Groundwater Project (GW-Project) ¢ thé duoc tai vé mién
phi tai trang web_gw-project.org 7. Bt ctt ai cling cd thé st dung va chia sé cac dwong dan trén
trang web gw-project.org” d€ tai vé cac an pham cua Dy 4n. Nghiém cdm dang lai cac an pham
cta Du an trén cac trang web khéc hodc giri cac &n pham nay truc ti€p dén nguoi khac.

Ban quyén © 2021William Robertson (Tac gia)
Xuéat ban béi Dy én The Groundwater Project, Guelph, Ontario, Canada, 2020.

Robertson, William

Septic System Impacts on Groundwater Quality / William Robertson-
Guelph, Ontario, Canada, 2021.

46 trang ban dich (46 trang ban goc tiéng Anh)

Bién dich Nguyén Nhu Hué, 2023.
52 trang ban dich.
ISBN: 978-1-77470-097-6

Vui 1ong can nhic dang ky vao danh sach email ctia Dy an GW-Project &€ dwoc cap nhat thong
tin vé cac dot phat hanh sach mdi, cac sy kién va cach thic tham gia Dy an. Viéc ban dang ky
vao danh sach email ctia chiing t6i sé gitup ching tdi xay dung mot cong dong nudc ngam toan

cau. Dang ky 7.

Trich dan: Robertson, William, 2021, Septic System Impacts on Groundwater Quality 7. The
Groundwater Project, Guelph, Ontario, Canada.

Bién tdp: John Cherry va Eileen Poeter

IDWATER

Hgi dong quan tri: John Cherry, Paul Hsieh, Ineke Kalwij, Stephen Moran, Everton de Oliveira,
va Eileen Poeter

Ban chi dao: John Cherry, Allan Freeze, Paul Hsieh, Ineke Kalwij, Douglas Mackay, Stephen
Moran, Everton de Oliveira, Beth Parker, Eileen Poeter, Ying Fan, Warren Wood, va Yan
Zheng.

Anh bia: Robertson, 2021

Bién dich: Nguyén Nhu Hué.

iii
Tai ban mién phi The GROUNDWATER PROJECT ©The Author Trén trang gw-project.org

BAt ky ai cling c6 thé str dung va chia sé cac lién két trén gw-project.org. Nghiém cam trwc tiép phan phat cudn sach nay.


mailto:permissions@gw-project.org
http://www.gw-project.org/
http://www.gw-project.org/
https://gw-project.org/email-signup/
http://www.gw-project.org/books/septic-system-impacts-on-groundwater-quality/

Téc déng cta Hé théng Tuw hoai lén Chét ltong Nudc ngédm William Robertson

Muc luc
TAC DONG CUA HE THONG BE TU HOAI LEN CHAT LUQNG NUGC NGAM......ceeieeeeeeeeeeeeeeeeeeesesesessseene I
IMUC LUC «..tteeeeeeeeaeuestesessssessesesesesssesssssssssesessesessssensesensesensesenssssssssessnsesessesentesensssensesesessesensessssesesns v
LOT TUA TU DU AN “THE GROUNDWATER PROJECT” ....cvevvereeeressessesssseesessessessessssssssssessessesssssssessessanes v
LOT TUA. oo eeeeteteteteessessesse st et s e ssesse st et e e ssessessess et esessesaessa st et asesaessessestestasessassastastsseasessessensestesassanes VI
LO1 NOI DAU BAN DICH TIENG VIET...ucuvveuiecriiereseecissesesesesssssssessssssssssesssssssssssssssssssssssssssssssssssessssssans Vil
LOT CAM ON ...oovvrrrercresesesesesesesesesesesesesesesesesesesesesesesssesesesasesesesesesesesesesesesesesesesesesesesesssesesesesesesesesanen IX
1 HE THONG TU HOAI LA GI?..oeeeeieieieeteneeseeeesestesesessessesessesesessessassssssensasesensssesessasessnssssnsessnsssensans 1
2 KHA NANG GAY O NHIEM TU NUGC THAI BE TU HOAI c..eeeeeeeeeeeeeeeeeeeeeeeeeeeesesessssssessssesesssesesnssensnns 3
3 SO PHAN MAM BENH TRONG QUA TRINH XU’ LY NU'G'C THAI TAI CHO .......eereeeecrcrnnreneseesacsenaas 6
3.1 VEKHUAN .ttt ettt bttt 6
3.2 RV U 1 PR 8
4 HOAHOC VA XU LY NUGC THAI TU HOAI ...ovevevreeeeetrestesesesesesesesesssssssssssssssssssssssssssssssssssssesssssssns 10
4.1 XU LY TRONG BE TU HOAI (KY KHI) 1vevveuvievieriereeete et eeteetesteesaesteenaesreeneestsentesssessssssesssensesssensssssensssssenessnes 10
4.2 XU LY TRONG VUNG KHONG BAO HOA (HIEU KHI) veuveeeeeeereeieeecreectee et eee e tee e et s saeeenveesaeeenseesaesesneesneeenns 11
5  SU HINH THANH VA PHAN TAN VUNG O NHIEM NU'GC THAI HE THONG TU HOAI......covereererennne 14
5.1 CAC CHAT CHI THI © NHIEM — CAC ION CHINH; (D0 DAN DIEN EC, CL-, NO3-, NA+) wveevieeeeeeeeeceecrece e 16
5.2 CAC CHAT CHI TH] O NHIEM — CAC THANH PHAN VI LUONG VA NHO == BORON ...vveuiiererieiiereteenesnevesesesseseseans 18
5.3 CAC CHAT CHI THI 6 NHIEM — CHAT NGOQT NHAN TAO (ACESULFAME VA SUCRALOSE) «..vveuvicerereeereeeeeeeeereeneenes 18
5.4 CAC CHAT CHI THI DONG VI ==NI-TRAT =22N ..o ss s ses s ses e 19
6 SO PHAN NI-TO' TRONG VUNG O NHIEM NU'G'C THAI HE THONG TU HOAI .......cecvrerrernncrrensenenaens 21
7 SO PHAN PHOT-PHO TRONG CAC VUNG O NHIEM NU'G'C THAI HE THONG TU HOAI ........ouceceeneee. 24
7.1 CACPHAN UNG DEM AXIT ..vveiureeiteeeiteeeteeeiteeeseeesteeeseeesessseesseessseenssessssessessseensesssesssesssseesssesseesseessseenss 24
7.2 CAC PHAN NG LIEN QUAN DEN KHOANG CHAT PHOT PHO ....veeuviiteeiecteete ettt ste et ete e ereeneeteenneeneene e 24
7.3 SO PHAN PHOT PHO ..eeeuteeiueeereeiteeeiteesteeesteesteeeteessseesseessseesseessseensaessssessaessseensesssseesessaseenseessseesseesseenes 25
8 SO PHAN CAC CHAT HU'U CO VI LUQNG TRONG CAC VUNG O NHIEM NU'GC THAI BE TU HOAI...... 30
9 CACHE THONG TU HOAI THAT BAI ...vcveverirerereresesessessesesesesesssesssesssssssssssssssssssssesssessssssssssssssssssses 31
Y-V I -2 32
BAITAP SO L..uteeiuieeiieiteeiteeetteeeteeete e teesbeeteesabe e beesabeessaeeaseesbseessaeasseebeeaseesabeessseenseesaseensaesssentaessseentaesssennsenss 32
BAITAP SO 2.eeeee ettt e e e ettt e e eeee et eeesase et eeseaaaeteessaaasaeeesssaaeaesessasasaaeeessaanaseeessasaseteesesansaeeessasasseeeessansnseeeens 32
11 TAILIEU THAM KHAO........cveveeetetetetetetesesesesesesesesesesssesesesesesesesesesssesesesssssesssesesssssesssssesssesessnssesenens 33
12 LOT GIALuerececrctcecrctetetcsesesese e se b b be bbb sesesebe bbb ebeaebebesesebebebabasasesesesesesesesesesasasasesasesenns 42
LOTGIAIBAITAP SO L.eeeeeieeeeeeeeeeteee e e e et e e e eeeetteeeseaeseteesesasseaeeessasaaaeeesssasaseeessasasseeeeessansaaeessasasseteessaanraeeens 42
LOTGIAIBAITAP SO 2 ...veeveiteeteeteeiteeeeeteeteeteeeseeteeseeseesseeseesteessesssensestseabeessensestsanbeessesseensesseesesseesesasesseensesaeen 43
1 J 7 Yol - OO a4
L ool I 1Y 45
iv

Téi ban mién phi The GROUNDWATER PROJECT ©The Author Trén trang gw-project.org

Bat ky ai ciing c6 thé st dung va chia sé cac lién két trén gw-project.org. Nghiém cam truc tiép phan phat cudn sach nay.



Téc déng cta Hé théng Tuw hoai lén Chét long Nudc ngdm William Robertson

Loi twa tir Dw an “The Groundwater Project”

Céac Qudc gia thanh vién va Dai tac trong nhdém hoat ddong vé Nudc ctia t6 chiic Lién
hop qudc xac dinh chu dé hang nam tir mot vai nam truede. Cha dé cho Ngay Qudc t€ Nudc
vao ngay 22 thang 3 nam 2022 la “Nuwdc ngam: bién nguon tai nguyén vo6 hinh thanh htu
hinh”. Cht dé nay khong thé phti hop hon cho sy ra mat cac cudn sach dau tién trong ndm
2020 trong khudn kho Dy 4an The Groundwater Project (GW-Project) vi muc tiéu cua cac
cuon sach nay chinh la bién nwéc ngam thanh nguon tai nguyén hiru hinh.

Du an GW-Project, mét td chite phi 1oi nhudn duoc dang ky tai Canada ndm 2019,
cam két dong gop cho su tién bd trong gido duc va mang lai mot cach ti€p can moi trong

viéc kién tao va pho bién kién thitc d€ nhan biét va giai quyét van dé. Du an GW-Project

hoat dong thong qua trang web https://gw-project.org” nhu mdt dién dan toan cau nham
dan cht hoéa kién thikc vé nudc ngam va duoc thanh 1ap trén nguyén téc:
“Kién thirc nén mién phi va kién thikc tot nhit nén la kién thirc mién phi.” (V6 danh)

St ménh ctia Dy &n GW-Project 1a cung cap tai liéu gido duc dé tiép can, hdp dan,
chat lwong cao, mién phi truc tuyén bang nhidu ngdn ng, cho tat ca nhitng ai mudn tim
hiéu vé nuwdéc ngam va mudn hiéu nwdéc ngam lién quan va duy tri cac hé sinh thai va nhan
loai nhu thé nao. Bay 1a mot hinh thirc gido duc toan cau méi dua trén nhitng dong gdp
tinh nguyén cua cac chuyén gia dén tir cac linh vuc khac nhau, bao gom cac hoc gia, chuyén
gia tu van va nhing nguoi da nghi huu. Dy an GW-Project ¢6 sy tham gia ngay cang tang
va hién da cé hang tram tinh nguyén vién véi hon 200 t6 chue tir hon 14 qudc gia va sau
chau luc.

Du 4n GW-Project 1a mot nd luc dang trién khai va sé tiép tuc véi hang tram cudn
sach duoc xudt ban truc tuyén trong nhitng nam téi, dau tién bang tiéng Anh va sau d6 la
cac ngon nglt khéc, d€ tai xudng bat c noi nao ¢d Internet. Cac an pham ctia Du an GW-
Project cling bao gom céc tai liéu hd tro nhw video, bai giang, trinh dién trong phong thi
nghiém va cdng cu hoc tap ngoai viéc cung cap hodc lién két t6i phan mém mién cong cong
cho céc ting dung nudc ngam khac nhau nham hd tro qua trinh gido duc.

Du an GW-Project 1a moét thue thé séng, vi vay cac an ban sach tiép theo sé duoc
xudt ban theo thoi gian. Nguoi dung duoc moi dé xuat stra doi.

Chung t6i cam on ban da trd thanh moét phan ctua cong dong Dy an GW-Project.
Chung t6i hy vong nhan dwgc phan hoi tit ban vé kinh nghiém ctia ban khi st dung sach

va cac tai liéu lién quan. Chung t6i hoan nghénh cac y twong va tinh nguyén vién!

Uy ban Diéu hanh Dy an GW-Project
Thang te nam 2021
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Lol twa

Tinh trang tai nguyén nuwdc ngam cua ching ta dang xau di do bi can kiét va 6
nhiém. O nhiém xay ra khi kha ning dong héa cac chat héa hoc do con nguoi tao ra tai 16p
dudi bé mat bi vuot qua mikc 6 thé va dan dén viéc cac vung 0 nhiém lan rong qua xa so
v0i cac vi tri dau vao. Ching ta st dung mdi treong nuede ngam nhuw mot co quan tiép nhan
chat thai dua trén tién dé rang méi treong niede ngam chiu dwege vi cac chat gay 6 nhiém
cudi cung cling sé dugc phan huy. Pung la cac qua trinh phan huy lam cho moi truong
nuwdc ngam c6 nhiéu kha nang chiu duoc chat thai nhung khong du dé€ ngan chan suw suy
giam chat luong nudc ngam tai nhiéu triéu dia diém trén toan cau noi chung ta d€'ro ri, d6
tran hodc thai bo chat thai vuot qua kha nang phan huy cua 16p dudi bé mit.

Mot trong nhitng vi du dién hinh cho su that bai cta tién dé nay dén tir viéc st dung
tran lan hé thong ty hoai d€ “loai bo” nudc thai tir cac ho gia dinh. Day 1a chu dé cta cudn
sach nay: Tdc dong ciia hé thong tw hogi 1én chit lugng nudc ngim. Y twdng vé hé thdng tw hoai
c6 nguodn gdc tir Phap vao khoang nam 1860, khong lau sau khi Darcy phat hién ra “luat”
ndi tiéng mang tén 6ng vé dong chay nudc ngam. Ching ta 1é thudc vao cac hé thong tu
hoai bat dau tir nhitng ndm 1970 khi ky thuat cta cac hé thdng nay dat duoc uy tin chinh
thitc thong qua cac quy dinh phap 1y & My va xa hon nita la thong qua thiét ké va lap dat
hé thong tw hoai tiéu chuan. Trong boi canh ky thuat xt 1y nwdc, muc dich ctua hé thong tw
hoai la tham thau toan by nudc thai cua mot ho gia dinh qua vung khong bao hoa vao vung
nudc ngam, vi theo gia dinh von ¢d thi tat ca cac thanh phan c6 kha nang gay hai trong
nudc thai déu sé bi phan huy hoan toan va do d6 mét trudc ctia luéng nude thai tu hoai
khong tiép can dugc nudc ngam bén ngoai ranh gidi h gia dinh. Day 1a tién dé vao nhing
nam 1950 khi hang nghin cong trinh phét trién nha ¢ ngoai 6 dwoc khdi xudng trén khap
nuwéc My, Canada va hon thé nia.

Ban dau, ngoai trix v6i nitrat va photphat, 16p dwdi bé mat c6 kha nang phan hay
thich hop vi nudce thai ho gia dinh dién hinh chtra it thanh phan doc hai. Tuy nhién, bic
tranh thi truong cac chat hda hoc da thay ddi qua nhiéu thap ky va hién nay nudc thai ho
gia dinh bao gom nhiéu thanh phan do con ngwoi tao ra. Ngoai ra, mat do cta cac hé thong
tw hoai da tang 1én dang ké. Do d6, quan niém trude day la khong c6 hai da tré thanh
nguyén nhan gay hai chung. Cac ludng nwdc thai ty hoai khong chi gay hai cho nudc ngam,
chiing con thai nito va phot pho vao cac ho va ctra song ra bién va dai duwong khién song,
ho va dai duwong bi ngat thd do tao phat trién. Hé thong tw hoai khong dwa dwgc tat ca nude
thai vao vung nudc ngam theo dinh nghia 1a hé thong ty hoai "khong thanh cong'; trong
khi cac hé thdng khac duoc coi la thanh cong.

Dai v6i cong dong ky thuat va khoa hoc, tac dong cta hé thong tw hoai 1én nudc
ngam va nuwdc mat nén la mot bai hoc vé sy can trong trong xu hudng str dung 16p duwdi bé
madt d€ xr ly chdt thai ma khong danh gia trudc mot cach nghiém ngédt kha nang phan huy

hoan toan cac thanh phan doc hai trong chat thai ctia 16p duwdi bé mat. Cudn sach nay chi
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ra rang cac ngudn (phat thai) nhé cé thé tao ra cac viing 6 nhiém nuwdéc ngam bén bi va &
pham vi rong.

Téac gia cta cudn sach nay, Tién sy William Robertson, Gido su danh du tai treong

Dai hoc Waterloo, Canada, la nha khoa hoc c6 danh hang dau vé tac dong ctia hé thong tu

hoai d6i véi nuwdc ngam duwdi goc do diéu tra thuc dia cac vung nudc thai te hoai. C)ng da

6 cac cong bd rong rai vé cac nghién ctru vé vung 6 nhiém va da dua ra cac thiét ké thay
thé dé xtr ly nudc thai sinh hoat.

John Cherry, Tredong Dy dan GW-Project

Guelph, Ontario, Canada, thang 4 nam 2021
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L&i nodi dau ban dich tiéng Viét

B€ tu hoai 1a mét hop phan quan trong va khong thé tach roi cua hé thong thoat
nudc va xt ly nude thai d6 thi tai Viét Nam. Theo mot danh gia cia Ngan hang Thé gidi
vao nam 2013, Viét Nam c6 khoang 77% ho gia dinh d6 thi c6 nwdc thai sinh hoat dwoc xt
ly so bo tai chd b:img b€ ty hoai'. Trong diéu kién ctia Viét Nam hién nay, 6 nhiéu noi, bé
tw hoai van 13 bé tw thAm hoan toan hodc mot phén, nwdc thai sau bé tu hoai dugc xa tryc
ti€p ra nguon tiép nhan va/hodc tu tham vao long dat, va ty 1& dau ndi nuwdc thai ho gia
dinh véi hé thong thu gom va xtr Iy nuwdc thai tap trung con han ché. Do vay, thiét ké va
van hanh bé te hoai gia dinh dtng k§ thuat 1a rat quan trong nham dam bao chat luong
nudc thai sau bé ty hoai dat quy chuan mai truong va khong gay 6 nhiém nudc dudi dat,
nham bao vé sttc khoe cong dong va tinh bén viing ciia moi truong.

Tai liéu chuyén khao nay miéu ta cac tac dong ctia hé thong tu hoai 1én chat luong
nudc ngam, cung cap cho doc gia mot cai nhin tong quan vé thanh phan sinh héa va vatly
ctia nudc thai bé ty hoai va phan tich cdc nguy co gdy 6 nhiém tiém an tit cic thanh phan
nay. Ddc gia cling sé tim thay trong tai liéu nay cac phan ting héa hoc quan trong xay ra
trong bé tw hoai trong diéu kién ky khi va hiém khi, cling nhu ngoai bé trong vung thoat
va hé thong phan phdi thoat trong vung khong bao hoa. Téc gia cua tai liéu nay cting mo
ta s hinh thanh va phan tan ludng nudc thai bé ty hoai trong truong hop nudc thai sau bé
te hoai gap muc nudc ngam. Tai liéu nay cing dua ra hai bai tap kem 1oi giai.

Tai liéu nay c6 thé dugc st dung trong dao tao dai hoc va sau dai hoc cac chuyén
nganh Cap thoat nudc va Ky thuat méi treong, phuc vu nghién cttu khoa hoc ¢ cac treong
dai hoc, co quan nghién cttu, cling nhw st dung trong cong tac quan ly thoat nuedc va xtie ly
nudc thai d6 thi.

Toi da rat vui mung biét dén Dy an nay vi chinh ban than t6i da tim dwoc o day
mot ngudn tai liéu chuyén khao phong phti, ¢6 chat lwong va hoan toan mién phi trong
mang tai nguyén nudc ngam va bao vé chat luong nwdc ngam. Vi viéce tinh nguyén dich
tai liéu nay, t6i ty hao la mot phan ctia cdng dong cua Dy an va hy vong tai liéu nay cling
nhu cac tai liéu khac cia Dy an sé duoc phan phdi rdng rai va nhanh chéng hon téi nhitng
nguodi quan tam tai Viét Nam. Ban ciing c6 thé dong gop cho Du an théng qua viéc tinh
nguyén dich cac an pham cta Dy an — hay lién hé véi Dy an dé nhan duoc hudng dan cu
theé.

Nguyén Nhu Hué
Théang 1/2022, CHLB Dtc

1 World Bank. 2013. Vietnam Urban Wastewater Review. Washington, DC. © World Bank.
https://openknowledge.worldbank.org/handle/10986/18245 License: CC BY 3.0 IGO.
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Loi cam on

Toi danh gia cao nhiing gdép y va dong gop sau sac va httu ich cho cuén sach nay

cla cac ca nhan sau:

% Denis LeBlanc, Nha thtuiy van hoc, Trung tam Khoa hoc Nuwéc New England, United
States Geological Survey, Northborough, Massachusetts, USA;

% John Cherry, Gido su trg giang, Dai hoc Guelph; Gido st danh dy, Pai hoc Waterloo,
Ontario, Canada;

% Doug Mackay, Gido sw danh dy, Khoa Dat, Khi va cac nguon Tai nguyén Nudc, Dai
hoc California Davis, California, My; va,

% Sabina Rakhimbekova, Ung ct vién Tién sy, Dai hoc Western Ontario, London,

Ontario.

To6i chan thanh cdm on Amanda Sills, Elhana Dyck va Juliana Apolonio cua Dy an
GW-Project da giam sat va chinh stra cudn sach nay. Toi xin cam on Eileen Poeter (Truong

Mo Colorado, Golden, Colorado, My) da danh gia, chinh stra va xuat ban cuén sach nay.

William Robertson
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1  Hé théng ty hoai la gi?

O vung noéng thén va nhiéu khu vuc thanh thi, nwdc thai ho gia dinh duoc xtr ly tai
chd thong qua cac hé thong xa thai nhw hé thong tw hoai. Mdc du cac phién ban ctia nha vé
sinh xa nwdc voi hé thong cong lién két da dwoc van hanh ¢ cac trung tam d6 thi tr thoi La
Ma tro vé trudc, nhung & cac vung nong thén, cho dén teong déi gan day ho chon ngoai
troi van 1a phwong phap phd bién dé xt Iy chat thai vé sinh. Nha xi 1a mdt nha nho bén
trong c6 mot chiéc ghé dai c6 céc 15 d€ di tiéu tién hodc dai tién. “Hé thong tw hoai” hién
dai do Jean-Louis Mouras sang ché tai Phap vao khoang nam 1860. N6 gom hé thong dng
thoat nudc trong nha, véi nudc thai duwge dan dén mot bé thu gom trong d6 chat béo noi
1én trén con chat ran lang xudng dwdi trong khi chat1ong chay dén mot hd thoat nudce trong
hé thong. Sau 10 nam hoat ddng, 6ng da rat ngac nhién khi phat hién ra réng bé chita chu
yéu la chat 1éng va hau nhu khdng con chat ran. Bang sang ché da dwoc cdp vao nam 1881
va cac hé thong nay bat dau xuat hién & My ngay sau d6. Hé thong tu hoai dugc st dung
pho bién trong nhiing nam 1940, va vao nhitng nam 1970 cac quy dinh tiéu chudn hoa thiét
ké va ldp dit ching da duoc dua ra & nhiéu dia phuong (Van Delden, 2015). Tai My, hién
da c6 hon 22 triéu hé thong tuw hoai dang hoat dong, phuc vu cho hon 25% dan s6 ca nudc,
va udc tinh c6 hon 500 triéu hé thong xtt ly nudc thai tai chd dang dwoc st dung trén toan
thé gidi (McCray va cong su, 2005; Conn va cong su, 2006).

Hé thong tuw hoai thuwong bao gom mot bé tu hoai (khoang chita), noi thu gom nude
thai, va mot ham thoat nuwde (con duoc goi la ham ro ri), noi nudce thai dwgc thai vao long
d4t (Hinh 1).

(a) —— == DONG CHAY NUGC THAI
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Hinh 1 - H& théng tw hoai dién hinh clia hé gia dinh cho thdy cac budc xi Iy nuéc thai dién
ra trong bé ty hoai va trong cac I&p tram tich khong bdo hda bén dwéi hé thong phan phoi
thoat (phdng theo Wilhelm va cdng sw, 1994).
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C6 thé coi xt ly nudc thai trong cac hé thong tw hoai twong tw nhw xtr ly nwde thai
trong hé thong xt ly thong thuong cap xa, phuong. Chét ran lang dong trong bé chita va
duoc dinh ky huat ra ngoai cung cadp chiic nang loc so cdp, trong khi d6 bé rat / hé thong
phan phdi thoat nudc cho phép chét long sau khi loc duegc tham vao long dat noi xay ra cac
phan ting oxy hda, twong tw nhw qua trinh oxy hoéa duoc cung cdp bdi suc khi co hoc trong
qua trinh xt ly nwdc thai thit cap thong thuong.

Noi chung, bé ty hoai ¢6 kich thudc dt 16n d€'luwu trit nwde thai trong vai ngay. Kich
thwde caa cong thoat duoc tinh toan dua trén tdc do tai nuwdce thai (tie 1a khoi lwong nuéce
thai mdi ngay) va do tham thau ctia tram tich tai khu viec phan phdi thoat. 'Kiéin tra dg tham'
la mét wdce tinh ban dinh lwgng don gian dé kiém tra do thdm cta tram tich (OMAFRA,
2019). Toc d¢ tham nudc la tde d giam muc nudc trong mot 15 nong trén dat noi sé dat hé
thong phéan phdi thoat. Truong phan phoi thoat phai du rong d€ lwgng nude thai hang ngay
tham qua mdi ngay. Hé thong tu hoai ho gia dinh nam trén cac 16p tram tich tuong d6i dé
thdm thuong c6 thé tich bé ty hoai khoang 3000 lit (L) va truong phan phdi thoat c¢é dién
tich khoang 100 m?.

Nudc thai duoc xa ra tir bé tu hoai theo dong chay tu chay do trong luc (hodc bﬁng
cach bom) dén cac duwong 6ng tham thdu thuong duoc chdn theo ranh trong cac 16p tram
tich trong truong thoat nudc dén dd sau khoang 0,7 m. Diéu nay cho phép nudc thai di
chuyén qua vung chwa bao hoa trudc khi di vao hé thdng dong chay nudc ngam tai muc
nudc ngam (Hinh 1). Thong thuong, trudng thoat nirde bao gom nhiéu doan dng duc 16 ¢6
chiéu dai khac nhau dwoc lap dat trong cac ranh duoc 14p lai bang soéi ¢6 kich thuede bang
hat dau c6 thé thdm nuwdc. Tuy nhién, cé nhiéu thiét ké treong thoat nuwdc, bao gom nhap
khdu tram tich c6 d6 tham cao hon (thuong la cat tho) dé lép dat tai cac vi tri cd trAm tich
c6 do tham thap. Tai liéu cung cAp thém thong tin vé cac thiét ké treong thoadt nuwde c6 san
trén mang (vi du nhu tai liéu Septic Smart, OMAFRA, 2019). C4c quy dinh ctia nha nwdc
va cta dia phuong thuong quy dinh khoang cach tach biét t6i thi€u gitta cac duong 6ng
thdm véi myc nwde ngam hodc véi cac 1op dat dd khong tham bén dudi. O Ontario, Canada,
cac duodng 6ng dan nuwdc phai duge dit cao hon muc nuwde ngadm hodc cac 16p d4 khong
tham t6i thiéu 1,9 m (OMAFRA, 2019). Cac quy dinh bd sung chi phdi viéc bd tri hé thong
phan phdi thoat nudc va quy dinh khoang cach ngan cach t6i thiéu: vi du, 15 m tinh t
giéng khoan; 30 m cach giéng dao; 15 m cach song ngoi, ao ho; va 5 m tit cac cong trinh kién
c6 6 Ontario (OMAFRA, 2019).
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2 Kha nang gay 6 nhiém t» nwéc thai bé tw hoai

Tong hop thanh phan nudc thai bé ty hoai tai cac diém xt ly nudc thai sinh hoat
duogc trinh bay tai Bang 1. Nito trong nudc thai sinh hoat chu yéu 1a NH,*-N (nito c6 trong
amoni hoa tan) va nong do trong nudc thai bé tw hoai nam trong khoang tir 18-108 mg/L.
Madc du nitrat thwong khong cé trong nuwde thai, nhung khi NH,” duoc nitrat hoa trong vung
khong bao hoa, nong dd nitrat c6 kha nang vuot qua gidi han nudc uéng do6i véi NO3-N
(nito co trong nitrat hoa tan) la 10 mg/L. Céc tac dong mdi truong ctia nudc ngdm c6 nong
dd nitrat cao 1én cac ho nudc ngot va vung nudc ven bién dang ngay cang duoc quan tam
(Persky, 1986; Harris, 1995; Cape Cod Commission, 2015). Ngoai ra, nong d¢ phot pho (P)
trong nwde thai (3-15 mg/L, Bang 1), cao hon vai bac so véi cac hudng dan duoc dé xuit dé
duy tri chét lwgng nuwdc mat ctia cac ho va song nhay cam (vi du: 0,01 mg/L P & Hoa Ky;
USEPA, 2000). Nudc thai ciia hé thong tu hoai cling vueot qua tiéu chudn nudc udng ddi véi
cac mam bénh va tiém dn nhiéu thanh phan vi luong khac. Do d6, néu tinh khdi lugng nudc
thai do hé thdng tw hoai tao ra (vi du: 260 L/ngay/nguwoi ¢ Hoa Ky, McCray va cdng su,
2005), thi hé théng tu hoai c6 thé durgc coi la mot trong nhitng nguén 6 nhiém nuwdc ngam
tiém nang 16n nhat trén toan thé gidi. Tuy nhién, xt ly tai chd, Chéng han nhu hé thong tw
hoai, cung cdp nhiéu budc xtt ly dudi bé mat c6 kha nang 1am giam nguy co 6 nhiém. Xt
ly dac biét hoat dong trong vung khong bao hoa bén dudi treong thoat nuwde. Mot s6 phan
ung quan trong hon duoc mo ta trong Hinh 1 va duoc thao luan trong cac phan sau.

Bang 1 - Thanh phan nwéc thai clia bé ty hoai tai cac diém x& Iy nwéde thai sinh hoat, bao gdm: dé dan dién

(EC), cacbon hiru co’ hda tan (DOC), db ki:ém (AIk), phétpho phan tng hoa tan hodc photphat (SRP), chét ngot
nhan tao acesulfame va sucralose, vi khuan va vi rat don vi hinh thanh khuan lac (CFU).

Théng sb Trung binh, Nguon tham khao
Chiét trung (+ do léch chuén), (n = sé mau hoac s6 gia tri)
hodc Khoang
D6 dan dién EC (uS/cm) 1000 Robertson va cong sw, 1991 (n=2)
2481 Harman va céng sw, 1996 (n = 8)
1456 + 314 Robertson, 2012 (n 2 7)
1480 + 131 Geary and Lucas, 2019 (n = 17)
DOC (mg/L) 46 + 27 Robertson va cdng sw, 1998 (n = 8)
11+5.0 Withers va cdng s, 2011 (n = 37)
56 + 26 Robertson va cdng sw, 2012 (n = 3)
D6 kiém (mg/L) nhw 316 £ 40 Wilhelm va cdng sw, 1996 (n = 6)
CaCOs 311 +102 Robertson va cdng sy 1998 (n = 8)
310 + 105 Withers va cdng sy, 2011 (n = 37)
pH 7.1+04 Robertson va cong sw, 1998 (n = 8)
7.3+0.2 Withers va cong s, 2011 (n = 37)
7.4+02 Geary and Lucas, 2019 (n = 17)
3
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Bang 1 - tiép theo

Théng sb

Trung binh,

Chiét trung (= do léch chuan),

hoac Khoang

Nguon tham khao
(n = sé mau hoac s6 gia tri)

NH4*-N (mg/L) 66 + 41 Robertson va céng sw, 1998 (n = 9)
4-13 USEPA, 2002
34+10 Hinkle va cdng sw, 2008 (n = 10)
18+ 16 Withers va cdng s, 2011 (n = 37)
58 McCray va cdng sw, 2005 (n = 37)
72 £ 37 Robertson va cdng sw,2019 (n = 111)
108 + 16 Geary and Lucas, 2019 (n = 14)
NOs™-N (mg/L) 0.2+0.3 Robertson va cdng s, 1998 (n = 9)
<1 USEPA, 2002
0.2 McCray va cong s, 2005 (n = 33)
0.03+0.03 Hinkle va cdng sw, 2008 (n = 10)
42+32 Withers va cdng sy, 2011 (n = 37)
0.2+0.2 Geary and Lucas, 2019 (n = 10)
Téng nito, TKN (mg/L) 26-75 USEPA, 2002
53+14 Hinkle va cdng sw, 2008 (n = 10)
Téng phétpho (mg/L) 6-12 USEPA, 2002
46+4.2 Withers va cdng s, 2011 (n = 37)
Phétpho phan (ng hoa tan 8.4+35 Robertson va cong sw, 1998 (n = 9)
hogc photphat (SRP) 9.0 McCray va cdng sw, 2005 (n = 35)
(mg/L) 3226 Withers va cong sw, 2011 (n = 37)
8.2+49 Robertson va cdng sw,2019 (n = 123)
15+1.8 Geary va Lucas, 2019 (n = 16)
Cr(mg/L) 67 + 64 Robertson va céng sw, 1998 (n = 9)
32116 Hinkle va céng sw, 2008 (n = 10)
54 + 16 Withers va cdng sy, 2011 (n = 37)
64 Robertson va céng sw,2019 (n = 106)
Na* (mg/L) 54 + 27 Robertson va céng sw, 1998 (n = 9)
49 + 29 Withers va cdng s, 2011 (n = 37)
K* (mglL) 22 +15 Robertson va cdng sw, 1998 (n = 9)
26+8 Withers va céng sw, 2011 (n = 37)
Ca?* (mg/L) 38+ 36 Robertson va cng s, 1998 (n = 9)
96 + 22 Withers va cdng s, 2011 (n = 37)
B (mg/L) 0.51 £0.05 LeBlanc, 1984 (n = 3)
0.11 +0.03 Withers va cdng sy, 2011 (n = 37)
0.28 £ 0.02 Bassett va cong sw, 1995 (n = 3)
0.49 Vengosh va cong sw, 1994 (n = 21)
Fe (mg/L) 0.45+0.41 Robertson va cdng sw, 1998 (n = 8)
0.12 + 0.06 Withers va cong s, 2011 (n = 37)
Al (mg/L) 0.1+0.1 Robertson va céng sw, 1998 (n = 6)
Acesulfame (ug/L) 57 Snider va cong sw, 2017 (hé gia dinh déc
than, n = 14)
32 Snider va cong sw, 2017 (céng dong, n =
36)
44 + 32 Robertson va cdng s, 2019 (n = 56)
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Bang 1 - tiép theo

Théng sb

Trung binh,
Chiét trung (= do léch chuan),
hoac Khoang

Nguon tham khao
(n = sé mau hoac s6 gia tri)

mL)

Sucralose (ug/L) 40 + 25 Oppenheimer va cong sw, 2011 (n = 8)
51 Snider va céng sw, 2017 (hd gia dinh dbc
than, n = 14)
28 Snider va cong sw, 2017 (cong ddng, n =
36)
40+ 34 Robertson va cdng sw, 2019 (n = 56)
Vi khuan (CFU/100 mL) 10° Viraraghavan, 1978
108 Shadford va cong sw, 1997
108-108 USEPA, 2002
10° Geary va Lucas, 2019
Vi rat Coliphage (CFU/100 108 Deborde va céng sw, 1998a
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3 S6 phan mam bénh trong qué trinh x& ly nwéc
thai tai chd

Vi khuan va vi rat c6 trong nude thai bé tw hoai véi nong d6 thuong nam trong
khoang 105 dén 108 don vi hinh thanh khuan lac (CFU) / 100 mL (Bang 1). Pay la nhiing
hat c6 kich thudc dang keo c6 thé c§ dinh bang ca qua trinh loc va gan (hap phu) trong qué
trinh chay dwdi bé mat. Kich thudc nhé hon cua vi rat (~ 0,1 pum) so véi vi khuan (~ 1 um)
lam cho chting it bi ton thwong hon trong qua trinh loc vat 1y, nhung lai lam tang tinh nhay
cam vo6i sy hdp phu (Bales va cong su, 1995).

3.1 Vikhuén

Vi du vé cac viing 6 nhiém nudc ngam phét trién manh bén dudi cac truong thodt nudc tai
mot dia diém ho gia dinh (dia diém Cambridge) va tai mot khu cdm trai (dia diém Long

Point) lan luot duoc thé hién trong

a) CAMBRIDGE SITE /
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Hinh 2 va Hinh 3.
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a) CAMBRIDGE SITE e
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Hinh 2 — Hinh chiéu béng (a) va mat cét (b) ctia mét khu vwe 6 nhiém nwéc ngdm tir hé thdng tw hoai
gia dinh tai dia didm Cambridge & Ontario, Canada, cho thdy: ndng d6 Na+ (mg/L), sy hién dién méc
dd vi khuan E. coli (> 1 cfu/100 mL), va viing phét phat (P) ¢é ndng dd I&n hon 1 mg/L, cac duwdng dit
nét, va pham vi néng d6 NO3--N (mg/L) trong vuing I6i khu virc 6 nhiém. Nwéc thai tir bé tw hoai cé Na+
trung binh 1a 98 mg/L, NH4+-N la 30 mg/L va SRP la 8 mg/L (phdng theo Robertson va cdng sw, 1991;
Shadford va cdng sw, 1997; va Robertson, 2003).
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Hinh 3 - Khu vire 6 nhiém hé thdng tw hoai ctia mét khu cam trai lon tai dia diém Long Point & Ontario, Canada,
cho thdy ndng dd clia chat 1am ngot nhan tao, acesulfame (ug/L); va pham vi clia cac viing (dwéng dit nét)
NO3z-N (>1 mg/L), photphat-P (>1 mg/L) va E coli (>10 cfu/100 mL), doc theo dwéng tdm cla khu vwc 6 nhiém.

D4u cham la cac diém giam sat da cip. Nwéc thai bé ty hoai cé ndng do acesulfame 1a 50 pg/L, NH4*-N 1a 100
mg/L va SRP la 6.3 mg/L (phong theo Robertson va cong s, 2013).

Vi khudn trong phan bj loai bé phan 16n trong vung khong bao hoa ¢ ca hai dia
diém. Trong mot thir nghiém vé kha nang di chuyén cta vi khuan tai dia diém Cambridge,
vi khuan chi thi (E. coli NAR) da duwgc cho vao bé tu hoai trong khoang thoi gian ba tuan
va sau d6 dugc theo doi trong vung khong bao hoa bén dudi treong thodt nudc va trong
hé théng nudc ngam bén dudi trong khoang thoi gian 84 ngay (Shadford va cong su, 1997).
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Vi khuan chi thi dugc phat hién trong may do vung khong bao hoa trong vong 30 ngay ké
tir ngay bat dau duwoc dua vao hé thdng, nhung chi & nong d6 thap hon nhiéu so véi trong
bé tu hoai (giam ~ 1000 lan). Trong ving & nhiém nudc ngam, vi khuan chi thi hu nhue
khong co, chi co mot trong 255 mau duoc phathién (Shadford va cong sw, 1997). Ddi khong
bao hoa Cambridge day 1,5 m, bao gom cat min dén trung binh, va c6 thoi gian luu nudce
thai khoang 15 ngay (Robertson, 1994). Trong thtt nghiém tuwong tu tai hai dia diém khac,
nhung véi muc nuéc ngam nong hon (do sau <1 m), Shadford va nhiing nguwoi khac da
phat hién vi khuan chi thi trong nudc ngam ngay bén dudi cac cong thoat nudc, nhung
khong phét hién dugc & cac giéng quan trac khac nam & vi tri cach xa hon chi vai mét, ngoai
trtr chi mot s6 noi véi nong do rat thap. Reneau va Pettry (1975), Viraraghavan (1978) va
Chen (1988) b4o c4o ndng dd coliform trong phan trong viing 6 nhiém ctia mot s& hé théng
Ong tw hoai gia dinh va nha nho (twong tng tai 3, 1 va 17 dia diém). Tuy nhién, hau hét cac
vi trl nay c6 muc nuwdc ngam nong va 16p tram tich hodc 16p nén c6 do tham thap nong
hon. Do d¢, viéc giam sat dwgc tap trung vao vung dat nong noi nudc ngam co thé chay
qua cac dai thuc bao. Tai tat ca cac dia diém nay, coliform trong phan hodc khong duoc
phat hién trong cac viing 6 nhiém nudc ngam, hodc da phan huy va giam it nhat tir 2 dén
3 cdp d9, trong vong vai mét xudi dong tir cac truong thoat nude.

Nguoc lai, bing chiing vé s di chuyén nhanh chéng ctia vi khudn da duoc chiing
minh tai cac dia diém cé diéu kién thuy van thuan loi hon. Trong mét thtr nghiém dung
chat chi thi duoc thuc hién tai khu vuce c6 vung 6 nhiém nudc thai thanh phé Cape Cod,
noi téc d6 nudc ngadm twong d6i nhanh 0,2 - 0,7 m/ngay xay ra trong tang chita nuedc gom
cat tir trung binh dén tho, chi s6 luong vi khuan giam 10 Tan trong khoang cach di chuyén
6 m va sy xuat hién ctia vi khuan chi thi truing v6i sw xudt hién ctia chat dong chi thi Br

(Bales va cong s, 1995).

3.2 Virut

Vi rat 6 kich thwde nho hon so véi vi khuan, (~ 0,1 so véi 1 um) va do d6, it bi can
trd boi qué trinh loc vat ly trong dong chay duwdi bé mat. Tuy nhién, ching van bi anh
huwong manh boi cac phan tng hap phu do dién tich bé mdt am thuan ctia ching ¢ cac
khoang pH binh thuong (Bales va cong su, 1995). Su hédp thu (dinh kem) cua vi rat bi anh
huong bdi cac yéu t6 nhu kich thudc hat tram tich, ham lwgng cacbon hitu co, ham luwgong
nudc, pH dung dich va cuong d6 ion. Két dinh duoc coi la qua trinh suy giam quan trong
nhat ddi véi vi rat vi nd dan dén bat hoat (chét di) va khong thé phuc héi trong mot s&
treong hop (Betancourt va cong su, 2 019).

Trong céac cot cat phong thi nghiém quy mo 16n, Betancourt va nhitng ngwoi khac
(2019) da quan sat thay nhitng bién dong trong su di chuyén cta vi rat trong phan, véi cac
ddu vét chét dao dong ttr 3000 lan trén 4 mét dén 1000 lan trén 0,3 m, ¢ téc do khong tuyén
tinh (bac mot) véi cac hang s8 tdc d6 dao dong tlr 200 dén 1000/ngay. Suy giam nhanh nhu
vay c6 nghia 1a vi rat da bi loai bo bang cach gan két (hap thu).
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Deborde va nhitng ngwoi khac (1998a) da bao cdo mitc do suy gidm cao ctia vi rut
coliphage trong vung 6 nhiém nude ngam tir hé thong ty hoai cua mot truong hoc tai mot
dia di€ém c6 tdc dd nuwdc ngam nhanh. DBdi khong bao hoa day 1,5 m va tang chita cat soi
thdm c6 van téc nuwdc ngam tir 1 dén 3 m/ngay. Vi rat coliphage giam 100.000 lan trong
vong 7 m tinh t&r treong nudce thai (cong) va ti€p tuc giam xudng dwdi mic cé thé phat hién
dwoc (<1 CFU / 100 mL) sau 38 m tinh tir treong nwdc thai. Tuy nhién, trong mot thi
nghiém tiép theo, trong dé ca vi rat chi thi va bromua déu duwgc dua vao 16i cua vung 6
nhiém, mot phan vi rat chi thi da dén céc vi tri gidm sat 6 khoang cach 7 va 17 m, cling thoi
diém vdi Br, chi sau 2 dén 6 ngay (Deborde va cong sw, 1998b). Tuy nhién, néng d¢ lai thap
hon 100.000 lan trong khoang cach nay, twong tw nhu muc d6 chét di cta vi rut duwoc quan
sat thay trong mdi truong xung quanh. Vi rat duoc git lai trong tram tich tang nwdc gan
giéng bom vao dugc xac dinh 1a van ton tai trong hon chin thang sau khi dwoc dwa vao.
Trong mot thit nghiém khéc trong cung mot tang nudc, mot vi rat chi thi duoc dwa vao vi
tri cach giéng bom quy mo 16n 22 m va mot phan 16n khoi luwgng vi rat dugc dwa vao (1én
dén 55%) da bi giéng gilr lai trong vong 47 gio (Deborde va cong su, 1999; Woessner va
cong su, 2001), minh hoa kha nidng van chuyén vi rut nhanh chéng trong nhiing diéu kién
nhat dinh.

Su van chuyén vi rut nhanh chéng cling dwoc quan sat thay trong thi nghiém dung
chat chi thi Cape Cod da thao luan o trén. Trong thi nghiém d6, mot dong chi thi vi rat thuec
khuén da dén dwoc vi tri giam sat cach vi tri dua vao 6 m, khoang 12 ngay sau khi duoc
dwa vao, trung hop véi Br' va vi khuan chi thi. Tuy nhién, vi rtt chi thi bi suy giam nhiéu
hon so véi vi khuan chi thi (giam 100.000 Ian so vé6i giam 10 Ian) vi tinh nhay cam bi loai
bd bdi hap phu cao hon. Tuy nhién, trong giai doan thit hai cua cung thi nghiém dung chat
chi thi nay, khi nuwdc c6 pH cao hon duoc dwa vao, mot luong dang ké khoi lwong vi rut da
hap phu duoc loai bo (Bales va cong su, 1995).

Nhin chung, cac quan sat thyce dia chi ra réng cac mam bénh, bao gom ca vi khuan
va vi rat, twong doi bat dong trong hé thong tu hoai. Tuy nhién, trong mot s6 diéu kién
nhat dinh, ching cé thé di dong hon, dac biét khi tdc d¢ nwdc ngam nhanh xay ra do s
hién dién cua cat va soi ¢ tinh tham cao, cac vét dut gay hodc cac dai bao tir; hodc gan cac

giéng san xuat nang suat cao.
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4  Hoéa hoc va x&r ly nwéece thai tw hoai

Hé thong tw hoai néu duoc thiét k€ phu hop sé xtt ly nuwde thai trude khi chay dén
murc nirdc ngam. X ly nwede thai dién ra trong bé tu hoai va trong truong thoat nwdc, khi

nudc thdm qua vung khong bao hoa.

4.1 X ly trong bé tw hoai (ky khi)

Hé thong tu hoai thong thuong thu thap tat ca nudc thai gia dinh trong mot bé duy
nhat dwoc chia thanh hai phan (Hinh 1), d& chat ran lang xudng trong ngan dau tién. Nudc
thai sinh hoat la mot ngu6n giau cacbon httu co khong bén va do d6, nudc thai dau ra
thuong tro nén ky khi trong qud trinh luu trit trong bé tw hoai. Diéu kién ky khi c6 thé dan
dén mot s6 phan tng trong b€, bao gom ca su khoang hoa nito httu co thanh NH," nhu
trong Phuong trinh 1 (Wilhelm va cong sy, 1994).

CO(NH3+)2(UT'€G) +H2092NH4+ +CO0;, (1)

Cac diéu kién yé&m khi cing dan dén amoni, NH,*, chuyén d6i thanh khi NH3 duoc

thé hién trong Phuong trinh 2 (Wilhelm va cdng sw, 1994).
NH," + OH™ - NH3 + H;0 (2)

Ngoai ra, cdc diéu kién yém khi dan dén sy kht sunfat nhw trong Phuong trinh 3

va tao ra métan nhu trong Phuong trinh 4 (Wilhelm va cong su, 1994).
SO,% + 2CH,0 + 2H*— H,S + 2C03 + 2H,0 (3)
C0, +4H,— CHy + 2H,0 (4:)
Céc khi duogc tao ra tit cac phan tng nay (CO:, NH3 H,S, CH,) thuong duwoc loai bo
bang cach st dung ngén thong gié nhu trong Hinh 1, duoc 13p lai ¢ day dé thuan tién cho
nguoi doc. Cac khi nay dugc gia dinh 1a sé bi oxy héa nhanh chéng trong khi quyén. Trong
mot sO truong hop, truong thoat nuwde khong duoc thong hoi, va cac khi duoc chuyén dén
truong ro ri, noi ching di chuyén lén trén tir duong ong cta treong thoat nuwde da duoc

duc 16.

10
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(a) —~— == DONG CHAY NUGC THAI
HETHONG ~~ = DICHUYEN CUA CACKHI
BETY PHAN PHOI

HOAI THOAT
e
T

N

VUNG KHONG
BAO HOA ot P11
v < Yyvy
> - - N
DONG CHAY NU'GC NGAM ! \\ e R
——— ‘\\ - ——
— ~ S
HE THONG PHAN
b BE TU HOAI #CHa PHOI THOAT o2
~_»CO2 0
(o0} ' 0 + C 2 < -
__.| € HOUCo = COz, CH4 | enouco +02 =CO7l T2 ko HOA
N HOU CO - NHgt NHZ + 02 — NO3

Lap lai Hinh 1 - Hé théng tw hoai dién hinh ctia ho gia dinh cho thay cac buwéc xtr Iy nwéc thai dién ra trong bé
tw hoai va trong cac 16'p trdm tich khéng bdo hoa bén dwéi bé rit (phdng theo Wilhelm va cong sw, 1994).Viéc
I&p lai Hinh 1 nay tao co hoi nhan thay cac khi thoat ra ngoai khi quyén tlr 6ng théng hoi hodc qua I&p dét phia
trén trwdng thoat nwéc.

4.2 X ly trong ving khdng b&o hoa (hiéu khi)

Thong thuong, cac treong thoat nude duoc thiét ké dé xa nudce thai vao vung khong
bao hoa, noi c6 thé xay ra qua trinh oxy hdéa nudc thai. Cac phan tng oxy hda quan trong
bao gom chuyén doi cacbon hitu co thanh €O, (Phuong trinh 5 va 6) va nitrat héa NH," nhw
trong Phuong trinh 7 (Wilhelm va cong s, 1994).

CH,0 + 0, - CO, + H,0 (5)
C02+H20ﬁH2C03ﬁH++HC03- (6)
NH4++202—)N03-+2H++H20 (7)

Bang 2 so sanh néng d6 cacbon hitu co hoa tan (DOC) trong nwde thai bé ty hoai va
nudc ngam lién quan tai mot s6 dia diém. Mtec d6 loai bo DOC trong cac treong thoat nude
tai cac khu viee nay dao dong tir 22 dén 97 phan tram. Loai bo nhiéu hon xay ra ¢ cac khu
vuc noi nude thai dugc oxy hda tot, duoc chi ra boi sy chuyén doi twong d6i hoan toan cta
NH,* thanh NO5.
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Bépg 2 - So sanh ndng dd cacbon hitu co hda tan (DOC) trong nuéc thai bé tw hoai va cac ving 6 nhidm nuwdc
ngam lién quan, minh hoa sy phén hly cacbon hiru co' trong vung khéng bao hoa bén dwéi cac tredng thoat
nwéc. Cac loai khi thai dworc liét ké theo thir tiy mirc d6 tang 6xy hoa nwéc thai, dwgce biéu thi bang cach giam
ndéng do NH4+ trong cac ving & nhi@m. Cac gia tri cla ving 6 nhiém la cac gia tri trung binh (hodc dai dién) tir
cac khu virc gan nhau bén dwéi cac tredng thoat nudc, trir khi cé chi dinh khéac.

Nt::ic -------- Ving O Nhiém Nwéc ngdm--——-—---
- . R >
Dia diem DOC  DOC DOC NHs#-N  NOs-N Tham khao
(mg/L) (mg/L) loaibd (%)  (Mg/L)  (mg/L)
JL, nha néng thén 83 44 a7 73 0.1 Robertson va cong s,
1998
LP2, khu cam trai 56 11 80 48 50-80 Robertson va cfng sw,
2012
LP2, khu cam trai 56! 6.3 89 Aukes va cbéng sw,2019
(5-8)
SM, khu cam trai ~502 13 ~75 37 0.1 Garda, 2018
Otis, nwdc thai do 19 7° 63 14 0.1 LeBlanc, 1984
thi
DEL khu nghi 9 7 22 3 0.1 Robertson va cfng sw,
duwdng, gidm 1998
LP1, khu cam trai 21 5+0.8 76 1 51 Robertson & Cherry, 1992
(n=8)
PP, khu cam trai 32 13 78 0.4 18 Robertson va cong sw,
1998
DEL khu nghi 9 5 45 0.2 13 Robertson va cbng sw,
duwdng, oxy hda 1998
LA, trwdng 28 0.7 97 0.1 131 Robertson va cong suw,
1998
CA, nha 40 4 20 0.1 14 Robertson va cfng sw,
1998
MU, nha 81 3 96 0.1 37 Robertson va cbng sw,
1998

1Gia tri DOC trong nwére théi la tir Robertson va cong sw, 2012.

2Gia tri DOC trong nwdce thai khong cd sén cho dia diém khu cim trai SM, nhwng duwoc gia dinh la twong tw
véi gia tri tai dia diém c&m trai LP2, b&i vi hai dia diém nay c6 ndng dd CI va NH." trong nwéc thai
twong tw nhau.

3C4c gia tri ving & nhiém 1a tr mét giéng quan tric cach trwdng nwée thai 1000 m.

Cac phan tng oxy hoa tao ra tinh axit, nhung diéu nay thuong duoc dém thong qua
mot loat cac tewong tac gitta nudc va da. Trong dia hinh d4 voi, sy hoa tan ctia cac khoang
chat cacbonat (Phuong trinh 8) thuwong phuc hoi cac diéu kién pH gan trung tinh va trong

hau hét cac treong hop, cing dan dén tang nong do Ca2* trong viing 6 nhiém.
CaCO3 + H* - Ca®* + HCO3 (8)

Trong dia hinh granit, khi khong c6 khoang chat cacbonat, viing dém c6 thé ¢ cac
khoang chat oxyhydroxit Al va Fe (vi du, khoang chat nhom hydroxit (gibbsite) va khoang
chat oxyhydroxit sat (ferrihydrit)) thuong c6 mat nhw cac thanh phan phu trong hau hét
cac tram tich. Tuy nhién, cac khoang chat nay twong doi kho hoa tan ¢ cac gia tri pH trung
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tinh. Sy hoa tan cuia chiing, nhu dugc trinh bay trong Phuong trinh 9 va 10, chi tro nén
quan trong trong diéu kién pH thap.
Al(OH)3 + 3H' > AP* + 3H,0 )
Fe(OH)3 + 3H" — Fe®* + 3H,0 (10)

Cac vung 0 nhiém ctia hé thong tu hoai trong dia hinh granit, khi dwoc oxy hoa tot,
thuong o tinh axit, véi cac gia tri pH thuong nam trong khoang tir 4 dén 6.
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5  Sw hinh thanh va phan tan vung 6 nhiém nwéc
thai hé thdong tw hoai
Khi gdp muc nudc ngam, nudc thai xam nhap sé di vao hé thong dong chay nudc
ngam dia phuong, tao thanh mét vung khac biét véi nuwdc ngam nén. Vi du vé hai luéng 6

nhiém dwoc miéu ta chi tiét tir hé thdng tw hoai trong cac ting chira nwdc ngam cat khong

han ché& cuia Ontario, Canada dwoc thé hién trong

a) CAMBRIDGE SITE ™

|
x [ .| Budng déng mirc N
' 00— ng dong mirc Na (mg/l)

.
N * 6.58 —— D6 cao muc nudc ngam (m)
e Bo Poly 2

4 Bo Teflon Tiles = Nen gach

x Ap ké do muc nudc ngam
A Té viing vadose

b) "
HUGNG
T Nam Nat (mglL) Hugrgc f
B.
P Y ¥ Ppowpry » » 3 T ¥ ) % a0
1 GACMWAMH S8og 1
74 " Nudc ) ‘T% E.coli 1
— -
e T P B et i

96 cao (m)
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Hinh 2 va 3.

a) CAMBRIDGE SITE e

20— Dudng dong mirc Na (mg/l)

0 0 20m 6.58 —— D6 cao muc nudc ngam (m)
e Bo Poly .
4 Bo Teflon Tiles = Nen gach
x Ap ké do myc nudc ngam
A Té ving vadose
b) *
A HUGNG ,
i Na+ (mglL) HUgNG ?
BAC
o £ Y ¥ PRIETY I B @ . %7
8 -]
GACHTHAM ﬁr.rrl Js
74 Nugc 0.8 0 i E. coli 47
6 — . e ———

D6 cao (m)

Hinh 2b va Hinh 3 duoc lap lai ¢ day dé nguoi doc tién theo doi.

b)
HUGNG
T Al Na+ (mglL) HUGNG 4
?5 *! !F 33 34 353617 37 38 3 21 25 BAC '
9 - o M A 0 1 | I 2 ‘f 5"’ —9
8 B Bagg 48
2 S ﬁ v r{ E. coli 47
S — S 2 .._3’_'/'_7 ______ - o
6 9 T T T Y T T T T T T T T e e e e .l
.. H ° 4 g
4 1. : > i
34 . <o r Qv ey v e Js
- D6 cao (m)
. LONG POINT
1‘;‘? cao (m) TRUGNG THOAT NUGC
00000000
- [ - S =
" - .
& :
5
4 cir
¥
BUN
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Lap lai Hinh 2b va Hinh 3 - Lap lai dé& thuan tién cho ngwdi doc.

a) CAMBRIDGE SITE e

|
f | . ,1 s0— Dudng déng mirc Na (mg/l)

0 0 20m ' 6.58 —— DG cao muc nudc ngdm (m)
e Bo Poly R
4 Bo Teflon Tiles = Nen gach
x Ap ké do myc nudc ngam
A Té ving vadose
b) 2
A HUGNG ,
| NAM Na+ (mg/L) HUgNG 'A
oo B 9 32 3334 353607 37 36 39 2 25 40 4 BAC
K I 1 ] T I h 510 -9
8 -] By 48
GACHTHAM ﬁr ' T’
74 Nudc ¥ Ecoli 1,
" -

D6 cao (m)

Hinh 2b mé ta mét hé théng tw hoai ho gia dinh (o] Cambridge, Ontario, Canada, va duoc phong theo Robertson
va nhitng ngwoi khac (1991). Hinh 3 cho thay mét hé thong tw hoai trong khu cam trai & Long Point, Ontario,
Canada, va dugc diéu chinh tir Robertson va nhirtng nguwdi khac (2013).

a) CAMBRIDGE SITE /

20— Budng dong mirc Na (mg/l)

% %n ‘ 6.58 —— D6 cao muc nudc ngam (m)
e Bo Poly 2
& Bo6 Teflon Tiles = Nén gach
x Ap ké do myc nudc ngam
A Té ving vadose

b) >

A HUONG
A Na+ (mglL) HUgNG £
BAC
s B Y B PUIETY I ? % . %

8 ) -] Bg
GACH THAM ‘T
7 nuoe ¥ ¥ Y Eccol
LS, o

D6 cao (m)

Hinh 2 cho thdy mdt viing 6 nhiém tir hé théng tw hoai gia dinh dregc 1ap ban d6 bing cach
stt dung Na+ lam chat chi thi 6 nhiém. Ranh giéi ciia viing 6 nhiém van rd nét trong sudt
16
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chiéu dai 200m cta viing nay da dwoc 1ap ban d6, va nong &6 Na+ vé co ban van khong bi
pha loang trong 15i cia viing 6 nhiém. Cac phan tich 6 nhay ciia md hinh nhu trong Hinh
4, chi ra rang su ton tai ctia cac ranh gidi vliing 6 nhiém sac nét, khong cé su pha loang viing
16i, yéu cau cac gia tri thap cho ca d6 phan tan ngang va doc (<1 cm). Cac gia tri m6 hinh
hoéa nhét quan véi cac gia tri d6 phan tan thap duwoc xac dinh tir cac thir nghiém dung chat
chi thi v6i d6 doc ty nhién trong cac tang chira nudc cat khac (Sudicky va cong su, 1986;
Moltyaner va Killey, 1988; Garabedian va cong s, 1991).

a) Higu chinh m hich cho g b) Hiéu chinh mé hinh cho oy,

sc L 1 L 2
£ — Oth=0.01 m . — Oty=0.004 m
2 == Olgh=01m ==* Op=0.02m
g ?‘n ® Truong T 31 I e Trudong
£ E E
- +- S
T ® <
o = w 4 i
i ‘8
=
o

0 T T T 5

-10 -5 0 5 10 0 80
Khoang cach ngang ti trung tam Chit chi thi & nhiém (Na*, mg/L)

ving & nhiém (m)
Hinh 4 - Viing 6 nhiém hé théng tw hoai Cambridge hién thi cac hiéu chuén mé hinh cho: a) phan tan ngang
theo chiéu ngang va b) phan tan ngang theo chiéu doc. Cac dau cham chi ra nong d6 Na* dwgc do: a) trong
hang rao giam sat cach trwong thoat nwéc 95 m va dwgce can chinh ngang theo hwéng cia dong nwédc ngam
va b) trong b6 lay mau da cap cach tredng thoat nuéc (cong) 30 m. Cac dwong nét dit va lién nét cho biet
nong dd Na* dwgc dy doan bang cach str dung mé hinh phan tan déi lvu phan tich ba chiéu v&i cac gia tri khac
nhau cho d6 phan tan ngang (aw) va doc (aw) (ttr Robertson va céng sw, 1991).

Vi du vé vung 6 nhiém thit hai nhuw duoc thé hién trong Hinh 3 1a tit mot hé thong
tw hoai tai mdt khu cim trai 16n (dia diém Long Point) va cho thay mot vung 6 nhiém nudc
ngam mot [an nira ¢6 ranh gidi rd rang va khong c6 su pha loang 16i trong sudt chiéu dai
200 m dwoc 1ap ban d6 cua ving 6 nhiém. Trong tredng hop nay, viing & nhiém dugc theo
doi bf?mg cach st dung chat lam ngot nhan tao (acesulfame) hién duoc st dung trong mot
loat cac san phdm thuc pham va d6 udng giam calo. Néng dé trong toan bo 16i vung 6
nhiém 1a >18 pg/L, cao hon khoang 10.000 Ian so véi gia tri gidi han phét hién nén tai vj tri
nay (<0,01 pg/L). Sy twong phan cao bat thuong gitta nong dd nén va nudc thai cho phép
phat hién cac dau vao rat nho tir nwde thai cua hé thong tu hoai nhw dwgc thao luan tiép
theo.

Mot yéu td quan trong can xem xét khi giam sat hoat dong cua hé thong tu hoai la
d6 day cua vung 6 nhiém hé thong tw hoai. B¢ day ctia vung 6 nhiém dwoc diéu chinh boi
toc dd tai nuwde thai, kich thude treong thoat nudce va van téc nudc ngam tuyén tinh trung
binh xung quanh. N6 ¢6 thé dugc wéc tinh bang cach st dung cadc mdi quan hé duwoc thé
hién trong Phuong trinh 11 va Phuwong trinh 12.

b = (q *t)/(dd x0p) (11)
t =w/vel (12)
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trong do:
b = Do day viing 6 nhiém & mép ddc xudng / xudi chiéu ctia truong
thoat nuoc (L)
q = Ty lé tai nwdc thai trén mot don vi dién tich cua treong thoat nudc
(L/T)
do x6p = DO xOp cta tang chira nudc bao hoa
t = Thoi gian cu tri ctia ngwdc ngam dwdi treong thoat nudce (T)
w = Chiéu réng ctia truong thoat nudc (ranh) theo hudng cua dong chay
nuwdc ngam (L)
vel = Van t6c nudcngam tuyén tinh trung binh ¢ mdi truong xung quanh

(L/T)

Vi du, mot hé thdng tu hoai dién hinh cua ho gia dinh nhan 1 m?/ngay nuwdc thai xa
vao mot treong thoat nwede co6 kich thudc 10 m x 10 m theo mat b?mg, sé co tOc do tai nudce
thai la 0,01 m/ngay. D&i véi van téc nuwde ngam tuyén tinh trung binh la 0,2 m/ngay, nudc
ngam sé nam dudi truong thodt nudc thai (cdng) trong 50 ngay, vi mot giot nudce di chuyén
v0i toc do 0,2 m/ngay sé can 50 ngay dé€ di qua 10 m chiéu dai ctia treong thoat nude. Doi
véi d6 x8p cua tang chira nuwdc 1a 0,33, viing 6 nhiém nwdc thai sé day 1,5 m (bé qua sy

phan tan). Ca hai dia diém Cambridge va Long Point dwoc thé hién trong
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Hinh 2 va Hinh 3, déu nam gan cac duong phéan chia dong chay cua nuwdc ngam,

noi van tdc nuwdc ngam twong doi thap (~ 0,07 dén 0,08 m/ngay, theo Robertson va cong su,

2019). Nhitng van toc thap nay, két hop vdi toc do tai nudc thai cao hon 6 Long Point (0,06
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Téc dong ctia Hé thdng Tw hoai Ién Chét luong Nudc ngédm William Robertson

m/ngay, theo Robertson va cong su, 2019), da dan dén sy hinh thanh cac viing 6 nhiém
twong d6i day (~ 3 dén 5 m), so véi cac viing & nhiém tai nhiéu dia diém khac.

Kha nang phan tan thap trong cac tang chita nuéc Cambridge va Long Point, cling
nhu trong nhiéu tang chiva nwde khac (vi du, Weiskel va Howes, 1991), cho phép céc thanh
phan nuwdc thai ton tai dwoc 6 nong d6 tong ddi cao trong cac vung 16i ving 6 nhiém. Do
do, trtr khi xay ra cac phan ting suy giam, nudc thai ¢ thé can phai di chuyén mot khoang
cach twong ddi dai trude khi cac chat gay 6 nhiém giam xudng mttc c6 thé chap nhan dwoc

bang cach pha loang véi nuedc ngam nén.

5.1 Céc chét chi thj 6 nhiém — Cac ion chinh; (B6 dan dién EC, Cl-,
NO3-, Na+)

Vung 6 nhiém nwéc thai hé thdng tw hoai thuong cé ndong do cao cua cac ion chinh
nhuw CI, Na*, NO3 va d6i khi ca NH,", c6 nguon goc tir nudce thai, cling nhu tang do kiém
(Phuong trinh 6) va cac thanh phan khac do twong tac nudce va da trong treong thoat nude
(vi du: Ca?, Phuong trinh 8). Tat ca cac thanh phan nay déu c6 kha nang duoc dung nhw la
chéat chi thi 0 nhiém.
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Hinh 2 cho th&y rang gia tri natri trong 16i viing 6 nhiém tai dia diém Cambridge (>
50 mg/L) cao hon khoang nam lan so vdi gia tri nén (<10 mg/L). Hon nita, néng d¢ cao cua
c4c thanh phan hoa tan lam ting d6 dan dién (EC) ddi véi nudce thai trong viing & nhiém
va két quala, cac vung 6 nhiém nwéc thai ctia hé thong ty hoai thuong cé thé duoc xac dinh
tai hién treong bang cach stt dung mot may do d6 dan dién cu thé. Bang 1 cung cap tém

tat vé nong d¢ ion chinh dién hinh xuat hién trong nudc thai bé ty hoai tai cac dia diém x
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ly nudc thai sinh hoat. Han ché chinh d6i véi viéc sit dung cac ion chinh lam chat chi thi 6
nhiém nuéce thai 1a tat ca cac thanh phan nay khong phai la duy nhat d6i véi nude thai sinh
hoat. Phan bon duoc stt dung trong cac hoat dong nong nghiép hién dai cé chita cac cong
thirc kali va nito c6 thé dan dén néng dd K*, CI' va NO3 ting cao trong nuwéc ngam bi anh
huong, c6 cung muic d6 véi miee do dugc tim thay trong 6ng thoat nude ctia hé thong tw
hoai (Spalding va Exner, 1993; Goss va cOng sit, 1998). O céc vung khi hau phia bic, mudi
khtt bang tuyét duoc st dung cho duwong va bai dau xe vao mua dong, cé thé dan dén nong
d6 CI'va Na” tuong tu nhu nong do duoc tim thay trong dng hat cua hé thong tu hoai (Baer
va cong su, 2019). Vi dy, trong vung O nhiém nudc thai tai Cambridge (

a) CAMBRIDGE SITE /
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Hinh 2), ca CI va NO3 déu khong thé duoc st dung tryc tiép lam chat do tim khu
vuc 6 nhiém, vi néng do6 tuong tu trong nwdc ngam nén, do st dung phan boén trén céac
canh déong lién ké. Trong vung 6 nhiém tai dia diém Long Point (Hinh 3), viéc st dung
CI'lam chét chi thi bi han ché vi gia tri nén duoc nang 1én do viéc st dung CaCl, trén duong
cam trai d€ ngan chin bui. Tuy nhién, & ca viing 6 nhiém Cambridge va Long Point, Na* va
chat dan dién EC van c6 hiéu qua nhu chat chi thi 6 nhiém.

Trong khi c4c ion chinh c6 thé déng vai tro 1a chat chi thi 6 nhiém hitu ich & cac khu
vuc gan ctia viing 6 nhiém, & cac khu vuc xa hon, tinh hitu dung ctia chting thuong bi giam
di do su hién dién ctia cac chat gay 6 nhiém twong tir tit cdc ngudn khéc. Treong hop nay
c6 thé han ché€ tinh hitu ich ctia cac ion chinh nhw cac chi s6 vé tadc dong cta hé thong tw
hoai trong cac tinh hudng ma cac tac dong tir nhiéu ngudn gay 6 nhiém c6 thé chéng chéo
1én nhau, chdng han nhw c6 thé xay ra trong tinh trang nuwdc giéng dén tir cac khu viee rong
(vi dy, Hinh 5).
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Hinh 5 — Hinh anh kha| niém vé khu vire thu hdi ctia giéng cip nwdc gap phai hé théng tw hoai va cac ngudn
6 nhiém tuo’ng tw tiém an khac, bao gébm bai dau xe & trung tdm mua sam c6 natri va clorua tir mudi khir bang
va san gon cé nitrat ttr phan bén. Phéng theo Einerson va Mackay (2001).

5.2 Céc chat chi thj 6 nhiém — Cac thanh phan vi lwong va
nho -- Boron

Boron (B) cé trong bot gidt la chat di dong trong hé thdong dong chay cua nuwéc ngam
va dugc sit dung nhu mot chat chi dinh dé xac dinh hé thong tu hoai va tac ddng ctia nudce
thai d6 thi trong nuwdc ngam (LeBlanc, 1984; Vengosh va cong sw, 1994; Bassett va cdng su,
1995). Tuy nhién, noéng do Boron trong nudc thai sinh hoat (dao dong tir 0,1 dén 1 mg/L,
Bang 1) cao hon gid tri nén boi mot yéu t6 twong d6i nho (vi du: khoang 5, Bassett va cong
si, 1995), va mét sd nude tie nhién, Chéng han nhu nuwéc ngam bi anh hudng boi nuwdc lo
va bdi thuy loi, c6 thé cé gia tri B cao ngang vo6i nudc thai. Do d6, B chi manh 6 mtc do
khiém ton nhw mot chat chi thi nwdc thai, nhung rat httu ich 6 mét s6 dia diém. Trong mot
khu vuc chtta nuwdc thai thanh phd ¢ Cape Cod, Massachusetts, Boron duwgc st dung nhuw
mot trong nhiing chat chi thi chinh vi né ¢6 trong sudt chiéu dai 3 km caa vliing 6 nhiém, &
nong do on dinh 0,2-0,4 mg/L, cao hon khoang nam Ian so vdi gia tri nén (LeBlanc va cong

sit, 1984; Barbaro va cong s, 2013).

5.3 Céc chét chi thj 6 nhiém — Chéat ngot nhan tao (Acesulfame va
Sucralose)

Chat lam ngot nhan tao kali acesulfame (C4H4KNO,S) dugc stt dung trong mot loat
cac san pham thyc phdm va d6 udng giam calo va hién nay ¢ mat 6 hau hét trong nuwde

thai sinh hoat trén toan thé gi¢i (Buerge va cong su, 2009). Hop chat nay tuwong doi duy
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nhat d6i voi nuwde thai sinh hoat va xuét hién trong nude thai bé tu hoai voi nong d6 thuong
nam trong khoang 10-100 pg/L (Bang 1). Acesulfame tuong d6i khé phan huy trong qua
trinh xt ly 6 ca nha may nudc thai d6 thi (Buerge va cong su, 2009) va trong hé thong tu
hoai (Van Stempvoort va cdng su, 2011a), cling nhu trong hé thong dong chay nudc mat va
nuwdc ngam (Buerge va cong su, 2009; Spoelstra va cong su, 2013; Spoelstra va cdng su,
2017). Véi ndng do thuong la tuwong ddi cao ctia hgp chét nay trong nuwdc thai, so véi cac
gia tri nén thap hon nhiéu trong nuéc ngam (vi du, cao hon ~ 10.000 Ian trong viing & nhiém
Long Point, Hinh 3), Acesulfame cé kha néng tro thanh mét chét chi thi manh cho tac déng
cua hé thong nudc thai tw hoai. Sucralose (C12H;9Cl30g) 1a mot chat tao ngot nhan tao khac
duoc st dung rong rai, cing khang lai sy phan hay va xuét hién trong nwdc thai sinh hoat
O nong do tuong ty nhu acesulfame (Bang 1). N6 cling c6 tiém nang dugc st dung nhu mot
chét chi thi (Oppenheimer va cong sy, 2011). Trong viing 6 nhiém Long Point thé hién trong
Hinh 3, Acesulfame duoc sit dung lam chat chi thi chinh vi cac chét chi thi tiém nang khac
nhu CT ¢6 gia tri cao trong nudc ngdm nén tai vi tri nay, do viéc st dung CaCl2 lam chat khu
bui trén dudng cam trai. Sy can thiép tir cac ngudn khac 1a mot van dé phd bién lién quan
dén cac chat chi thi nudc thai (vi dy, Hinh 5) va nhan manh tinh hitu ich cta chatlam ngot
nhan tao vi chung chu yéu chi c6 trong nudce thai sinh hoat.

Viéc stt dung cac chdt lam ngot nhan tao cu thé ciing da thay ddi trong vai thap ky
qua va sit hién dién hodc Véng mat cua cac chat lam ngot cu thé trong cac vung 6 nhiém
nuwdc ngam cé thé dong vai tro nhue mot cong cu xac dinh nién dai thd so. Kali acesulfame
chi duoc st dung rong rai ké tir nam 1988 va sucralose tir nam 2000. Trong mot nghién ctu
vé cac viing 6 nhiém chat thai va nudc i réc tai 15 bai chon 1dp, Roy va nhitng nguoi khac
(2014) da phét hién ra rang acesulfame cé mat & nong dd cao va la chat tao ngot chiém uu
thé€ 0 bay trong s6 tdm dia diém hoat dong, nhung tai bay dia diém da ngung hoat dong
trude nam 1990, saccharin (C;H5NOsS) la chat tao ngot chi€ém wu thé va acesulfame chi duoc
phat hién 6 nong do thap.

Nhiéu nghién ctru gan day da cho thdy trong mot sd treong hop, acesulfame c6 thé
bi phan hay trong qua trinh xtt ly nwdc thai (Castronovo va cong sy, 2017; Kahl va cOng su,
2018). biéu nay lam tang kha nang acesulfame ciing c¢6 thé bi phan huy trong cac moéi
truong dudi bé mat. Mac du mot sd nghién ctru da chitng minh kha nang ton tai caa né ¢
nong do tuong ddi cao, nhitng nghién ctru nay khong loai trix kha nang phan huy cham

trong mot s6 mai treong nhat dinh va can tién hanh cac nghién cttu sau hon.

5.4 Céc chét chi thi ddng vi --Ni-trat - N

Tuy nhién, cac dong vi nhe hon cua NO5y (1*N va 1°0) dwoc wu tién tiéu thu trudce
trong cdc qua trinh phan huy nitrat nhu khit nitrat va anammox nhu da thao luan trong
Phén 6, va do d¢, thiét lap cac phan tich dong vi 6 thé cé gia tri dang ké khi cac qua trinh
nay hoat dong.
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Mot s6 thanh phan trong nwdc thai cua hé thong tu hoai (vi dy, CI, B, NO3) ¢ thé

khac biét dong vi voi cac ngudn khac, do do, viéc xac dinh dac tinh dong vi c6 thé ho tro

x4c dinh niréc ngam bi anh hudng bdi hé thong tw hoai. Gid tri nitrat N (NO3 -1°N) da dwoc
st dung dé phan biét gitta 6 nhiém nitrat trong nudc ngam do hé thong tw hoai va 6 nhiém
ttr phan bén dwoc st dung trong hoat dong nong nghiép. Nitrat c6 ngudn gdc tir phan bon

hoa hoc cé gia tri “N thap hon, thuong nam trong khoang +3 dén +5 phan nghin, trong khi

NO3 trong hé thdng ti hoai thuedng cé gid tri °N cao hon trong khoang +7 dén +14 permil
(Kreitler va cOng su, 1979; Heaton, 1986; Aravena va cOng su, 1993; Wassenaar, 1995). Tuy
nhién, c6 mot s6 chong chéo trong thanh phan dong vi cua cac ngudn nay va cac qua trinh
nhuw bay hoi NH,’, trao d6i vung dat va kht nito, c6 thé lam thay doéi ddc tinh dong vi cua
nguyén liéu nguon. Ngoai ra, khi phan duoc st dung trong cac hoat dong nong nghiép,
dau hiéu dong vi ctia NH," lién quan c6 thé twong tu nhw trong nudce thai sinh hoat. Tai mot
s6 dia diém, gia tri NO5-°N trong nudc ngam c6 xu huéng tu lai gan pham vi ma gid tri
NOz->N trong phan bén va nudc thai trung nhau (+5 dén +8 percil) lam cho viéc xac dinh
ngudn bang cach str dung cac ky hiéu dong vi tro nén khé khan (Komor va Anderson, 1993;
Xue va cfng sw, 2009). Tuy nhién, cac dong vi nhe hon ctia NO3 (XN va 10) duoc uu tién
tiéu thu trong cac qua trinh phan hay nitrat nhw khir nitrat va anammox nhu da thao luan
trong Phéan 6, va do d¢, thiét 1ap cac phan tich dong vi 6 thé ¢ gid tri dang ké khi c6 su

hién dién cua cac qua trinh nay.
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6

S6 phan Ni-to trong viing 6 nhiém nuwéc thai hé
théng tw hoai

Tai cac dia diém ma nudc thai da duoc oxy hoa tot, cac vung 6 nhiem nudc thai ctia

hé thong tu hoai thuwong c6 nong do nitrat vugt qua gidi han nudc udng la 10 mg/L nhw

NOs-N. Vi dy, tai khu vec Cambridge, nudc thai NH,*-N dau ra trung binh la 30 mg/L, bi

oxy hda hoan toan trong vung khong bao hoa va két qua la khéng c6 NH," trong vung 6

nhiém, nhung NO3;-N ting cao, va dao dong trong khoang 16-38 mgN/lit (
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Hinh 6 cho thdy biéu d6 nong dd nitrat dwoc do trong 21 vung 6 nhiém nwdc thai
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Hinh 6 - Biéu d ndng d6 NOs trung binh trong cac khu vwc gan ving & nhiém
nuwéc thai bén dwdi cac trudng thoat nwde tai 21 dia diém co hé thdng tw hoai &
Ontario (theo Robertson va céng sw, 2020). Gi&i han nitrat trong nwéc udng
(DWL) tham khao hién thj trong hinh 1a 10 mgN/Iit.
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Nuwéc ngam & cac khu vuc ven bién phét trién dong dac cua Cape Cod,
Massachusetts, Hoa Ky c6 nong dd NO3-N cao t6i 24 mg/L, va diéu nay phan 16n la do viéc
str dung rong rai cac hé thong tu hoai (Coleman va cong su, 2018).

Tuy nhién, nitrat c6 kha ndng phan ting va cé thé bi khtr thanh khi dinito (N2) néu
gdp céc diéu kién khtr va néu cé san cac hop chat cho dién tir tiém néng dé hoat dong nhu
ngudn nang leong hd tro cac phan ting chuyén héa. Hai phan ting chuyén héa NOs thuong
xay ra la khtr nito di dudng st dung cacbon hitu co khong bén lam nguén nang luong
(Phuong trinh 13) va kht nito tu duwdng st dung cac hop chat lvu huynh khtt (vi du, pyrit)

lam ngu6n nang luvong (Phuwong trinh 14).

4NO3+ 5CH,0 — 2N, + 4HCO3 + CO, + 3H,0 (13)

14NO3 + 5FeS, + 4H" — 5Fe** + 10502 + 7N, + 2H,0 (14)

Nhitng phan tting nay c6 xu hudng xay ra dot ngot 6 cdc mat trudc phan tng, thay
vi dong nhat doc theo viing 6 nhiém (Smith va cong sw, 1991). Cac mit trudc phan tng
thuong xay ra & cac vi tri ma cac viing 6 nhiém gdp phai su gia ting nong do ctia cac hop
chét cho dién tit, chang han nhu 6 thé xay ra tram tich ving ndi bao dwoc lam giau carbon
httu co (vi du, Robertson va cdng su, 1991; Bohlke va cdng su, 2002) hoac ¢ tang chira nude
sau hon cac khu vuc cd thé c6 pyrit chwa phong hoa (vi du, Postma va cong sw, 1991; Kolle
va cong su, 1985). nhiém Cambridge duwoc thé hién

Vung 06 trong
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Hinh 2, 1a suboxic (ttc la, oxy hoa tan <1 mg/L) va c6 thé bi anh hudng boi cac phan
ting chuyén héa nitrat. Tuy nhién, nong dd NO3  van ludn ting cao va khong cé bang chiing

vé su lam giau dong vi, cho thdy rang qua trinh khit nito khong hoat dong (Aravena va
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cong su, 1993). C6 16, diéu nay la do khong c6 cac hgp chét cho dién tw thich hop (vi du,
cacbon hitu co khong bén hodc pyrit khong bi phong héa) trong tram tich tang chita nudc
tai dia diém nay.
Nguoc lai, tai dia diém Long Point (Hinh 3), vung gan khu vuc 6 nhiém co nong do
NO3-N cao tir 32 dén 79 mg/L (Aravena va Robertson, 1998) va nitrat dwgc tiéu thu hoan
toan xudng <1 mg/L trong vong 40 m phia dudi truong thoat nuwdce. Su bién doi xay ra doc
theo mat phan tng noi c6 su gia ting tring hop vé ca d6 kiém va $0,7, cho thdy rang qua
trinh khtt nitrat di dudng (Phuong trinh 13), cling nhw qua trinh khtt nito te dudng
(Phuong trinh 14), gép phan vao su mat nitrat quan sat dugc. Tai dia diém nay, qua trinh
khtr nito duoc thiic ddy boi sy hién dién ciia mét luong nho cacbon hitu co khong bén va
pyrit trong cac tram tich ting chta nudc sdu hon (chua bi phong hda) (Aravena va
Robertson, 1998). Tang chita nudc Long Point 1a tram tich bai bién mdi, it hon vai nghin
nam tudi, trong khi tang chita nuéc Cambridge duoc lang dong vao cudi thoi ky bang ha
cudi cung, ~ 10 dén 15 nghin ndm trudce hién tai. Tang chira nwdc Long Point tré hon, cong
véi sy hién dién caa cac phirc hop dat ngap nudc gan do, ¢ thé gop phan vao viéc du triv
phong pha hon cac hgp chat cho dién ti khong bén tai dia diém d6. Qua trinh khi nito ty
dudng duoc biét 1a xay ra trong cac tang chiva nwde va thuy sinh trén toan thé gidi vi luong
nho cua pyrit (hodc cac hop chatluu huynh khit khac) thuwong xudt hién khi tram tich khong
bi phong hoa (Kolle va cong sw, 1985; Postma va cong s, 1991; Korom, 1992; Robertson va
cong su, 1996). Trong hau hét cac treong hop, phan tng nay duoc danh dau bang su gia
tdng rd rét nong d6 SO,° ctia nwrdec ngadm trong cling mot khu viee ma gid tri NO3™ thi giam
di.
Mot phan tng chuyén hda nitrat quan trong thit ba da duoc cong nhan gan day, la
phan ttng khtt NO5 béng NH,’ (anammox, Phuong trinh 15 va 16).
NOy + NH;* — N, + 2H,0 (15)
3NO; + 5NH,* —» 4N, + 9H,0 + 2H" (16)
Cac phan ting nay c6 thé hoat dong tai cac vi tri ma nwdc thai it bi oxy hoéa hon, nhw vay ca
NO5 va NH,* déu xay ra cing nhau trong viing 6 nhiém. D3c trung ctia phan tng nay la sy
lam giau dong vi ctia ca NO3 va NH," du (Clarke va cdng sw, 2008; Caschetto va cong su,
2017) va su hién dién cta vi khudn ddc hiéu anammox (Moore va cong su, 2011; Smith va
cong su, 2015). Bac diém dong vi va vi khudn hoc da chi ra réng anammox la mot yéu t6
déng gép quan trong vao qua trinh bién ddi nitrat duoc quan sat thdy trong mot s6 hé
thong tw hoai, bao gom viing 6 nhiém Long Point (Robertson va cdng su, 2012), vung 6
nhiém cdm trai tai khu vue Killarney (Caschetto va cong su, 2017) va hé thdong nudc thai do
thi 16n & Cape Cod (Smith va cong sw, 2015). Trong vung 6 nhiém Cape Cod, vi khuan
anammox da duoc tim thay & khép mot khu vuc dai 3 km noi ¢6 NH,, va cac th nghiém

st dung chat chi thi xac dinh r:?mg su tiéu thu NO3 tir anammox va quad trinh khtt nito cé
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mitc d6 trong tw va xay ra véi téc d tuong tu, khi khong chira sdn cacbon hitu co hoa tan
(DOC). Tuy nhién, khi nguén cung cdp DOC bi han ché, viéc tiéu thu NO3 bi chi phdi boi
anammox, chiém khoang 90% lwgng NOj3 that thoat duoc quan sat. Hon nira, trong mot
danh gia vé tong lwong nito vo co (TIN) ton tai trong 21 diém & nhiém ctia hé théng tw hoai
Ontario (Robertson va cong s, 2020), nguoi ta phéat hién ra rang mtec tiéu thu TIN 16n hon
dang keé tai 10 dia diém noi ca NO3 va NH, déu cé mit trong khu vuc viing 6 nhiém gan
cac treong thoat nude (mat 62% TIN), so voi cac khu viee khéc chi ¢6 NO3 (mét 3 phan tram
TIN). Nhin chung, bang chtrng nay cho thdy rang phan ting anammox xay ra rong rai trong
cac vung 6 nhiém ctia hé thong tu hoai, va né d6i dau véi qud trinh khi nito ¢ tam quan
trong trong viéc cung cap nitrat tiéu thu trong cac viing 6 nhiém nay.

Phan ting chuyén hoa nitrat tiém nang thit tu la phan tng khi nitrat hoa tan thanh
amoni (Phuong trinh 17), dwgc coi la it quan trong hon trong moi truong nude ngam (Rivett

va cong sit, 2008) va chwra duoc bao cdo trong vung 6 nhiém hé thong ty hoai.

NOs™ +2CH,0 + 2H* - NH," + 2C0, + H,0 (17)
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7 S6 phan Phbt-pho trong cac viing 6 nhiém nwéc
thai hé thdng tw hoai

SO phéan cua phét pho trong hé thong tu hoai phu thudc vao do axit ctia nude trong
vung khong bao hoa va cac phan ting lién quan dén cac khoang chat phot pho. Hai phan
ngan dau tién ctia chirong nay cung cap cac phan tng hda hoc phd bién nhat c6 lién quan
dén tinh axit cia nudc vung chua bao hoa va su két tua cuia cac khoang chat trong vung
chua bao hoa gop phan loai bo phét pho khoi nwde. Phan 7.1 md ta cach axit duwoc dém
trong vung khong bao hoa va Phan 7.2 mé ta cac phan tng két tua pho bién lién quan dén

phot pho. S& phan ctia phot pho dwgc thao luan trong Phan 7.3.

7.1 Cac phan (rng dém axit

Bon phan ting dém axit pho bién rat quan trong dé kiém soat pH trong vung khong
bao hoa, do d6 anh huong dén s6 phan cua phot pho trong hé thong tu hoai. Cac phan tng
dém axit nay bao gom su hoa tan cac khoang chat cacbonat va khoang ch&t nhom hydroxit
(gibbsite), cling nhu hai loai hoa tan khoang chat oxyhydroxit sat (ferrihydrit). Cac phan
tng nay nhu sau:

e Sy hoa tan khoang cacbonat nhu trong Phurong trinh 18:
CaCO;z + H* - HCOy + Ca®* (18)
e Su hoa tan gibbsite nhu duoc thé hién trong Phuong trinh 19:
Al(OH)3 + 3H*— AI**+ 3H,0 (19)
e Sy hoa tan ferrihydrite nhu trong Phuong trinh 20:
Fe(OH)3 + 3H*—Fe>* + 3H,0 (20)

e va, su hoa tan khwr cta ferrihydrite nhu duoc thé hién trong Phuong trinh
21.

4Fe(OH)3 + CH,0 + 7H*— 4Fe** + HCO3 + 10H,0 (21)

D0 pH thap hon lam tang kha nang xay ra cac phan ting két tia phét pho duoc trinh
bay trong Phan 7.2, do d6 loai bo phét pho khoi nudce thai. Do d6, tai cac vi tri ¢ nhiéu kha
nang xay ra cac phan tng nhuw miéu ta trong Phuong trinh 18 dén 21, kha nang déng hda
c6 co hoi 16n hon d6i véi phot pho trong vung khong bao hoa bén dudi hé thong tu hoai.

7.2 Céc phan trng lién quan dén khoang chat Phét pho

Bon phan ting lién quan dén cac khoang chat phdt pho c¢é lién quan dén s6 phan
ctia phdt pho trong nudc thai ctia hé théng ti hoai gom su két ttia khoang sat canxi apatit
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(hydroxyapatite), khodng nhom photphat (variscite), khoang sat photphat (strengite) va
khoang sat photphat (vivianite). Cac phan ting nay nhu sau:

e Két tta hydroxyapatite nhw dugc miéu ta trong Phuong trinh 22:
5Ca®* + 3HPO+ H,0 > Cas (PO,);0H + 4H* (22)
o K&t tua variscite nhu dwgc thé hién tai Phwong trinh 23:
AP* + PO + 2H,0 — AIPO,"2H,0 (23)

e K&t tua strengite nhu duoc mo ta trong Phuong trinh 24:

Fe3+ + PO + 2H,0 — FeP042H;0 (24)

e Vakét taa vivianite nhu duwoc mo ta trong Phuong trinh 25:

3Fe2+ + 2P043" + 8H;0 — Fesz (P04);"8H;0 (25)

Kha néng dong hoa phot pho 16n hon trong vung khong bao hoa bén dudi hé thong
tw hoai tai nhiing vi tri c6 diéu kién thiic ddy phan tng két tia duoc trinh bay trong phuong
trinh 22 dén 24.

7.3 Sb phan Phét pho

Nong do phét pho trong nudce thai bé te hoai (vi dy, tit 5 dén 15 mg/L tong phot
pho, Bang 1) cao hon vai bac so véi gia tri c6 kha nang kich thich tdo phat trién va phu
dudng trong mdi treong nudc (~0.03 mg/L, Dillon va Rigler, 1974). Tong phot pho trong
nudc thai bé tu hoai bao gom su két hop ctia phot phat hoa tan (POS), thwong duoc goi la
phot pho phan ting hoa tan (SRP), phét pho hitu co xudt hién nhue mot thanh phén cta céc
hop chat hitu co c6 trong nudce thai, va phot pho hdp phu vao vat liéu dang hat trong nudce
thai dau ra. Trong nudc thai bé tie hoai, SRP thuong bao gom 70-85% tong P (McCray va
cong su, 2005). Trong qua trinh tham thau qua cac 16p tram tich cta truong thoat nudc, vat
liéu dang hat bi loai bo bang cach loc va cac hop chét hiru co bi phan hty, va két qua la
tong P trong treong thoat nuwdc ctia hé thong tw hoai chu yéu la SRP (Harman va cong s,
1996). Nong do SRP trong cac truong thoat nuedce cua hé thong tu hoai la khac nhau, nhung
mot s6 dia diém cd vung giau P noi nong d6 SRP tiém can voi cac gia tri duwoc tim thay

trong nuwdc thai bé ty hoai, bao gobm cac vung bén dudi cac truong thoat nudce ¢ ca hai dia
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diém Cambridge va Long Point, noi gia tri SRP nam trong khoang tir 1 d&n 6 mg/L (

a) CAMBRIDGE SITE e

‘___
S —
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—20
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e B6 Poly ”
» B Teflon Tiles = Nén gach
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b) :
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o 45 4 2033 w7 ¥ 38 3 2 25 40 AR
! Sl el 1 | | 1 i I I ‘la S0 ®
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74 NUdC ﬂ‘ . Y% E. coll s
T — —— —
I ———- . e e

Do cao (m)

Hinh 2 va Hinh 3). Mot trong nhitng viing 6 nhiém phdt pho 16n nhat duoc bao cao
xudt hién 6 khu vye chira nwde thai thanh phd Cape Cod, noi ¢6 vung giau P vdi gia tri SRP
ttr 1 dén 3 mg/L, kéo dai 600 m xudi dong tir cac tang tham nudc thai, truwde khi thai ra mot
ho nho (LeBlanc va cong su, 1984; McCobb va cdng sw, 2003).

Phot phat 1a mot anion hoa tri ba ¢ thé bi anh hudng boi mét sd phan tng lam cho
s0 phan dudi long dat ctia n6 trd nén phtee tap. Trong hau hét cac hé thong dong chay cta
nudc ngam, phot pho bi anh hudéng manh boi phan ting hdp phu 16p bé mét vi su hién dién
cua cac khoang chat c6 dién tich bé mat thuc dwong (vi du, canxit, khoang chat nhom
hydroxit (gibbsite), khoang chat oxyhydroxit sat (ferrihydrit) & pham vi pH binh thuong)
trong hau hét cac loai tram tich. Su hap thu ¢ tac dung lam cham tdc do di chuyén caa P,
nhung khong lam ¢6 dinh P. Kha nang tram tich hap phu phét pho thuong duoc déc trung
boi hé s8 phan bd (Ks), mo ta ty s gitta khdi leong P bi hdp phu trén chat ran tram tich, véi
khéi luong trong dung dich. Gia tri Ki cho photpho c6 thé duoc xac dinh tir thir nghiém
trong phong thi nghiém ddi véi cdc mau tram tich va thuwong ndm trong khoang tir 3 dén
40 cm?®/g (Walter va cong su, 1996; McCray va cong sy, 2005). Phuong trinh lam cham
(Phuong trinh 26, tit Freeze va Cherry, 1979), lién hé cac gia tri K« v6i hé s6 lam cham qua
trinh di chuyén P trong nuwdc ngam.

R=1+ (%) K, (26)

trong do:

31

T4i ban mién phi ctia The GROUNDWATER PROJECT ©The Author Trén trang gw-project.org
Bét ky ai cling c6 thé st dung va chia sé cac lién két clia gw-project.org. Nghiém cam trwc tiép phan phat cubn sach nay.



Téc déng cta Hé théng Tuw hoai Ién Chét luong Nudc ngdm William Robertson

R = Chis6lam cham phét pho (van tdc nudc ngam tuyén tinh trung binh
/ van toc di chuyén phét pho)
Pp = Mat do khdi luwgng 16n tram tich kho (g/cm?)

6 = Do xdp (-)
Ky = Hé s6 phan bg; khoi luong Pbi hap thu / khoi lwong P o trong dung
dich (cm?/g)

Pham vi gia tri K; ¢4 néu o trén, dan dén cac yéu t6 lam cham P nam trong khoang
tte 15 dén 400 ddi vai cac tang chira nudce c6 ddc tinh tram tich dién hinh (vi du, mat do
tram tich 2,65 g/cm3 va d¢ x0p 0,3). Trong mot danh gid vé kha nang di chuyén ctia P trong
24 vung 6 nhiém hé théng nudc thai tw hoai & Ontario (bao gom ca 21 dia diém da néu o
trén), bay dia diém c6é 6 nhiém P phat trién t6t cé cac yéu t6 lam cham P dao ddng tir 11
dén 67 (Robertson va cong su, 2019), ndi chung nhéat quan véi pham vi du kién dya trén
cdc gia tri K4 dugc bao cdo trong céc tai liéu chuyén nganh lién quan.

Ngoai sy hdp thu 16p bé mit, cdc md hinh can bang héa hoc du doan rang cac phan
tng két tiia khoang chat lién quan dén phdt pho ciing nén hoat dong trong cac hé thong tw
hoai (Ptacek, 1998; Parkhurst va cong su, 2003; Spiteri va cong s, 2007). Danh gia 24 dia
diém & trén (Robertson va cong su, 2019) da quan sat thdy réng cac vung tich tu P tram tich
riéng biét c6 mat ¢ hau hét cac treong thoat nuwdc, va cac vung giau P nay lién tuc xuat hién
trong vong 1 dén 2 m bén dudi cdc duong 6ng tham thau, ngay ca trong cac hé thong rat
khac nhau vé do tudi. Sy tich tu nhat quan gan cac duwong 6ng tham thau cho thay day la
két qua cua cac phan ting két ttia khoang chat, chit khong phai do hdp thu. Hon nita, cac

hat cat ttr cac vung tich tu P thé hién cac 16p phu khoang thit cap khéc biét va cac 16p phu
nay chita phét pho (Hinh 7).

b) P Kal

| T | T Y |
100pm 100pm

Hinh 7 - L&p pha khoang P thir cAp trén hat thach anh thoat nuwéc tr tang loc tai khu cdm trai & Ontario,
Canada: a) quét hinh anh béng kinh hién vi dién tlr va b) phan tich nguyén tb tia x (Robertson va cong sv,
2019). Thanh phan I&p pha la: Al 19,4, Fe 6,6, P 2,0 va Ca 1,8 phan trdm theo khéi lwong. (Hinh &nh dwoc
cung cap b&i Surface Science Western, London, Ontario, Canada).
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Thanh phén ctia cac 16p phti c6 thé thay d6i, nhung sat, nhom va ddi khi ca canxi 1a
cac cation chiém wu thé, cho thdy méi quan hé véi cac phan tng két tiia da néu ¢ trén
(Phuong trinh 22 dén 25).

Do axit duoc tao ra bdi qud trinh oxy hda nuedce thai, dac biét la qua trinh oxy hoa
NH," (Phuong trinh 7), c6 thé c6 anh hwong quan trong dén s6 phan ctia phot pho. Sy giam
pH c6 thé dan dén su tang hoa tan khoang chat nhom hydroxit (gibbsite) (Phuong trinh 19)
va khoang chat oxyhydroxit sat (ferrihydrit) (Phuwong trinh 20), ma diéu nay c6 thé dan dén
tang nong do ctia AP* va Fe®*. Diéu nay tiép theo c6 thé kich thich s két ttia ctia variscite
(Phuong trinh 23) va strengit (Phuong trinh 24). M&i quan hé nay duwoc ho trg boi cac phan
tich nuéc chira trong cac 16 rong ctia dat/da ctia truong thodt nudc tai mot s6 dia diém, bao
gom ca dia diém Cambridge, noi cac vung tich tu tram tich P trung khop chét ché véi cac

vung ma NH," trong nuwdc thai dang duoc nitrat hda (Hinh 8).

O Nbng do pH nudc 16 rong O Nbng dé pH nuéc 16 rong O Nong d6 pH nuwéc 16 rong
a)s 6 7 8 b)s 6 7 8 cJa 5 6 7
O | | | | 1 | | | |
CAMBRIDGE LANGTON MUSKOKA
2777777,
iz,
E
= =
(T
»
Q-
Q
B ... S— ¥_.__..
4 T T T
0 100 0 100 0 100
@ Nito nwdc 16 rdng (% NO,) @ Nito nuéc 16 rong (% NO;) @ Nito nudc 16 rong (% NO;)

% Tichtu Phét-pho trong tram tich

Hinh 8 - Ty 1& phd bién pH va nitrat cia nwdc chira trong cac 16 réng clia dat/da trong tram tich trwong thoat
nwéc tai ba dia didm hé thdng tw hoai & Ontario, Canada noi ¢é cac tAng chira nuwéc cat: a) Cambridge va b)
Muskoka ca hai d&u 1a hé théng ho gia dinh, va c) Hé théng tw hoai trwéng hoc cdng lap Langton. Gia tri NO3-N
trong nwéc chira trong 16 rdng clia d4t/da cho biét phan trdm tdng nito vo co (NHs* + NO3'-N) xuét hién dudi
dang NQg'. Cé}c méq khéng cé NO3'1a nwée thai ctia bé tw hoai (100% NH,*-N) va cho biét vi tri d6 sau cuia cac
duwong ong tham thau cua trwdng thoat nude. Cac gia tri nitrat va pH tiv vang khéng béo hoa la tir nudc chira
trong 16 rong clia dat/da ép ra tiv cac 16i tram tich khong bi x&o trén (tv Zanini va cdng sw, 1998). Ciing duoc
hién thi‘(’)’ day dwoi dang cac khodng cach do sau dwoc danh dau bam la cac khu viee ma phét pho da tich tu
trong tram tich trwong thoat nuwéc.

Trong dia hinh granit, cac diéu kién axit c6 thé ton tai trong hé thong tw hoai va gia

tri pH thuwong nam trong khoang tir 4 dén 6. Trong nghién cttu danh gia duwoc dé cap o trén

(Robertson va cdng su, 2019), viéc loai bo P dugc tim thay nhiéu hon 6 cac dia diém c6 dia
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hinh granit noi c6 cac viing 6 nhiém axit (loai bd 90% P), va céac gia tri SRP trong viung &

nhiém cho thdy xu huéng giam véi cac gid tri pH trong viing thdp hon (Hinh 9).

Chum Phét-pho phan (rng hoa tan
hoidc Phét-phat (SRP) vs pH
1 1 1 1 1

10
—~4— Bty hoai, ON
i O Dia diém bi véi héa, ON
~~ 1 " *
g) @ Diadiém khdng bi véi héa, ON
S==r %  Cape Cod, MA
e H ll; ter, St
ollister,
01 -
PY A  Flushing Meadows, St
Khoang nhom photphat, Variscite
0.01+ + --- Khoing sé’t photphat, Strengite
3 9 Khoang sat canxi apatit,
Hydroxyapatite
- =+ Khoang sit photphat,
Viviante

Hinh 9 - Nong d6 phét pho phan (rng hoa tan (SRP) trung binh hodc dai dién trong cac ving gan cua 27 diém
6 nhiém hé thdng tw hoai v&i cac gia tri pH khac nhau, so v&i cac gia tri dwoc dw doan xem xét do hoa tan cla
cac khoang chat Photpho nhw khoang sét canxi apatit (hydroxyapatite), khoang nhém photphat (variscite),
khoang sat photphat (strengite) va khoang sat photphat (vivianite); Cac ddu chdm mé va dién (24 dia diém &
Ontario, Canada) tir Robertson va cong sw (2019); Dia diém Cape Cod, Hoa Ky tlr Bussey va Walter (1996);
Céc dia diém Hollister va Flushing Meadows, Hoa Ky tir Robertson (1995). Cac duwérng cong hoa tan dugc xac
dinh b&ng cach st dung mé hinh can bang héa hoc, PHREEQC (Parkhurst, 1995) va gia s& can bang voi
khoang chat nhém hydroxit (gibbsite) va khoang chat oxyhydroxit sat (ferrihydrit), ndng d6 Ca 1a 90 mg/L va dbi
véi dwdng cong hoa tan khoang sat photphat vivianite, néng d6 Fe s&t la 1 mg/L (phdng theo Robertson va
cong sir, 1998). Ciing dwoc hién thi dwéi dang dwéng mau den ndm ngang (“Bé tw hoai, ON” trong chu giai) la
gia tri SRP trung binh ctia nwéc thai bé tw hoai (8,4 mg/L) va pham vi gia tri pH nwéc thai tai 22 dia diém &
Ontario (ttr Robertson va cong sw, 2019).

Su tich tu phét pho trong tram tich truong thoat nudc ciing da duoc quan sat thay
& cac dia diém khac, bao gom ca khu vuc tham thau nudce thai thanh phd Cape Cod (Walter
va cong su, 1996) va tai cac dia diém 6 Thuy Dién (Eveborn va cong su, 2014). Nong do
phot pho twong d6i cao xuat hién trong nudce thai bé ty hoai (vi du, 5 dén 15 mg/L, Bang
1), so véi hau hét cac moi treong nude khac, 1am tang kha ndng xay ra cac phan tng két
tua khoang chat.
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8 Sb phan céc chat hiru co vi lwong trong cac ving
6 nhiém nwéc thai bé ty hoai
Mot s6 thanh phan hitu co vi luong ¢6 thé c6 trong nude thai bé tu hoai 6 nong dd

gay lo ngai vé moi treong va stec khoe, va do do, viéc xit ly chung trong hé thong tuw hoai
rat dugc quan tdm. Vi dy, nudc thai tr dia diém Cambridge duoc hién thi trong
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Hinh 2, dwoc phat hién c6 chita hon 30 hgp chét httu co dé bay hoi (VOC), hau hét
la benzen duoc thay thé, lién quan dén can dau md duwoc duwa vao trong qua trinh riva bat
dia, gidt quan ao va cac cong viéc vé sinh khac. Tuy nhién, khong c6 hgp chat nao trong sd
nay duoc phat hién (ttc la khong c¢é hop chat nao hién dién ¢ nong d6 16n hon 1 pg/L)
trong mach nuwéc ngam bén dudi, cho thdy su chuyén hda VOC twong ddi hoan toan trong
vung cat, khong bao hoa day 2 m tai dia diém nay (Robertson, 1994). Trong mét thtr nghiém
stv dung chat chi thi dwgc thuc hién trong cung mot nghién ctru, dichlorobenzene c6 trong
chat tay rita duong ong dan nudc, da duoc dinh lwong dua vao bé ty hoai va ciing duoc
phat hién gan nhuw bi phan hay hoan toan trong viing khong bao hoa. Vung khong bao hoa
cua treong thoat nudc tai dia diém Cambridge, cung cdp mttc dd loai bé DOC cao (3 mg/L
trong vliing 6 nhiém so véi 38 mg/L trong nudc thai, Bang 2) va cung cap qua trinh oxy héa
hoan toan NH," trong nudc thai (Robertson, 1994). Swartz va nhing nguoi khac (2006) da
do mot loat cac hop chat duoc phadm va cac chat estrogen trong vung 6 nhiém tir mot hé
thong tw hoai dan cu & Cape Cod, Massachusetts, Hoa Ky va phat hién ra rang mot s6 hop
chat dugc pham, bao gom ca caffeine va paraxanthine, duoc tiéu thu nhiéu ¢ 16p cat day 3

m, khong bao hoa tai vi tri d6, nhung mot s6 chat estrogen, bao gom 17 estradiol va

35

T4i ban mién phi ctia The GROUNDWATER PROJECT ©The Author Trén trang gw-project.org
Bét ky ai cling c6 thé st dung va chia sé cac lién két clia gw-project.org. Nghiém cam trwc tiép phan phat cubn sach nay.



Téc déng cta Hé théng Tuw hoai Ién Chét luong Nudc ngdm William Robertson

estrone, van ton tai trong viing 6 nhiém nuéc ngam ¢ nong d6 gan vaéi gia tri nuede thai cta
b€ tw hoai.

Carrara va nhitng nguoi khac (2007) da do mot bo gom 12 thanh phan hitu co dang
vi lugng va dugc pham trong viing 6 nhiém nudc thai it ba hé théng tw hoai 16n ¢ Ontario,
Canada bao gom ca dia diém Long Point dugc thé hién trong Hinh 3, va nhan thay su ton
tai cia mot sO hop chat, bao gom ibuprofen, gemfibrozil va naproxen. Thudc chong co giat
duoc ké toa rdng rai, carbamazepine, cling duoc biét 1a ton tai trong qua trinh x ly nudc
thai va trong cac viing 6 nhiém nudc thai dudi bé mat (Clara va cong su, 2004; Heberer va
cong sw, 2004; Nakada va cong su, 2008), va do d9, cling da duoc dé xuat dung lam chat
chi thi nwdc thai tiém nang. Tuy nhién, hgp chat nay khong xuat hién phd bién trong tat ca
cac nguon nudc thai sinh hoat (Oppenheimer va cong su, 2011), diéu nay lam giam tinh
manh mé ctia né nhu moét chat chi thi.

Nhin chung, cac hé thong tu hoai néu hoat dong dung cach sé cung cap muc do loai
bd cao cac thanh phan hitu co vi luong, dac biét la trong cac khu vuc khong bao hoa cta
treong thoat nuwde, mac dut mot s6 hop chat ngoan cd c6 thé ton tai. Tuy nhién, nhing hop

chat twong tu nay cling ton tai trong qua trinh xt ly nudc thai thong thuong.

9 Céc hé thong ty hoai that bai

Céc phan trude da phac thao muic d6 xtt ly twong ddi cao ma mot hé thdng ty hoai
hoat dong tot c6 thé cung cdp cho nhiéu d6i teong cd lién quan dén nudce thai. Tuy nhién,
cac nghién ctru da ghi nhan tac dong dén cac dong nwdc mat tai cac dia diém st dung hé
thong tu hoai (Iverson va cong su, 2018; Withers va cong su 2011; Arnscheidt va cdng su,
2007). Trong hau hét cac truong hop, dix liéu cho thay cac tac dong toi dong chay la két qua
cua viéc tham nudc thai chuwa qua xtt ly tir cdc hé thdng tu hoai “that bai”. That bai cua hé
thong tw hoai la thuat ngt duoc sit dung khi nwde thai xa ra truong thoat nuwde khong thadm
xudng dat ngam ma thay vao do, thoat ra bé mat va thoat vao dong nudc bé mat gan do.
Diéu nay c6 thé la do cac tram tich trong treong thoat nuwde khong cé du do tham, do diéu
kién murc niede ngam cao, hodc do cac 18i co hoc cho phép két ndi thuy luec truc tiép véi cac
ranh thoat nwdc bé méat hodc dwong dng thoat nuwde. Vi du, Withers va nhitng nguoi khac
(2011) da ghi nhan noéng d¢ N va P hoa tan cao hon tir 3 dén 12 Ian trong mot dong nuée
dau nguon & Vuong quéc Anh, tai mot dia diém ngay ha luu moét ngdi lang noi ste dung hé
thong tw hoai. Khu virc nay nam trén dat giau sét, noi cé diéu kién muec niwdc ngam cao va
cac gia tri dinh dudng cao dugc quan sat thdy trong cac ranh thoat nuwdc va duong dng
phuc vu lang. Hon nita, N hoa tan cht yéu xay ra dudi dang NH,", chit khong phai la NO3,

nhu treong hop nuwde thai chuwa dwoce xw ly ro ri tir hé thdng tu hoai bi hong.
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10 Bai tap
Bai tap s6 1

Ban dang nghi dén viéc mua mét ngdi nha ¢ mot vung nong thon cd nude duoc
cung cap tir mdt cai giéng cach muc nwdc ngam tir 5 dén 7 m. O d4u ngudn, phia trén ngodi
nha nay, c6 moét khu phttc hop nha nghi / nha hang ven duong st dung hé thong tw hoai.
Ban lo lang vé kha ning 6 nhiém ctia giéng, vi vay ban da truy cap ho so giay phép xay
dung va xac dinh rrimg truong thoat nudc cua hé thong tu hoai c6 dién tich 30 m x 30 m voi
mép doc xudng cach giéng 300 m. Trueong thoat nuwdc duwoc thiét ké cho tai lwong nuwdc thai
1 cm/ngay (365 cm/nam). Dia diém nay nam dudi mot ting chita nudc cat khong bi gisi
han trong khu v c6 van t6c nude ngam tuyén tinh trung binh la 100 m/ndm. Luong mwa
& khu vuc nay trung binh 1a 90 cm/ndm. Tinh toén can bang nudc cho mot luu vuc sdng
dia phwrong da xac dinh rang lwong bdc hoi trung binh 1a 60 cm/nam. Gia st rang tang chira
nudc cé 46 x&p bao hoa la 0,3 va c6 do truyén dan du cao dé bom tir giéng khong lam thay
doi dang ké duong dan dong chay, ban c6 nén lo lé'mg vé kha nang 6 nhiém tir hé thong tw
hoai ctia nha nghi / nha hang mdi duoc nang cap khong?

BaAm vao dav d€ xem 10i gidi cho bai tAip s6 171

Bai tap s6 2
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Hinh 2) cé khoang 50 mg/L NOs-N, nhung nitrat nay hoan toan bi suy giam ¢ mat
trudc phan tmg ndm cach khoang 20 m tir tredong thoat nude. Tang chita nudce chira mot
lwong nho S suy giam (0,02 phan tram trong luong) phan anh sy hién dién cta pyrit sinh
hoc (Aravena va Robertson, 1998), va vat liéu nay goép phan vao qud trinh khtt nito tu
duwong (Phuong trinh 14).

T6c dd nuwdc ngdm tuyén tinh trung binh trong khu virc viing 6 nhiém nwdc thai
nay da duogc wdc tinh 1a 28 m/ndm (Robertson, 2008). Gia str rang tit ca sy mat mat NO5 1a
do qua trinh khit nito tu dudng bang cach stt dung cac hop chat leu huynh bi kht, thi viing
nitrat sé€ tding nhanh nhu thé nao, dwa trén tdc d¢ tiéu thu S? Tang chira nudc c6 khdi luong
riéng kho 1a 1,8 g/cm?® va d6 xdp bao hoa la 0,3.

Bam vao dav d€ xem 10i gidi cho bai tAp s6 271
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’ 7 L . € nap ron Y Tham | na
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Vi van toc bén tuyén tinh trung binh la 100 thang / nam, hé thong tu hoai sé mat 3 nam dé
dén giéng;:

Wi gian d& dén gidng = 300thémg_3 .
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Bo qua st phan tan nudce thai, trong sudt ba nam d6, viing 6 nhiém sé duoc dan xudng theo
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Téc déng cta Hé théng Tuw hoai Ién Chét luong Nudc ngdm William Robertson

L&i gidi Bai tap sb 2
Gia dinh dong chay 1 chiéu cho muc dich tinh toan va can nhic tdc do tiéu thu S trong mot
khoi 1ap phuwong 1 L (10 cm x 10 em x 10 cm).
Xéc dinh khéi luwgng S trong mot khai chita nude 1 L ¢6 trong luong la:
trong lwong cia mot khdi nwéc 1 L = 10cm 10cm 10cm 1,8”‘:1;3 =1800 g
Chung ta biét S bang 0,02% trong lwong ctia nguyén liéu khi kho, do dé:
Trong lwgng S trong khoi 1 L = 1800 g 0,0002 = 0,36 g S trong khoi 1L
Théng lwong NOs-N trong mot khoi lap phuwong duoc xac dinh nhu sau.
cm c
Véan toc Darcy = (Van téc nwéc ngam xen k&) Do x6p = 2800 —— 0,3 = 840 —
nam nam

Thé tich dong chdy qua khéi lap phwong = (Vin téc Darcy)(Dién tich dong chdy)
cm cm3
= 840 —— 10cm 10cm = 84000 ——
nam nam
Thoéng lwong NO3-N trong khoi lap phwong = (Thé tich dong chay) (Nong do)
cm?® 50 mg NO3-N mg NO3-N _ 49 NO3-N

84000 nam 1000 cm3 00 nam ’ nam
Moles NOSN _ g 1M NO3-N _ M NO3-N
nam - "nam  14g yr
Tt Phuong trinh 14, ta biét 1 Mol NO3 -N sé tiéu thu 10/14 Mol S:
S8l Mol S tiéu thy = 03 A N0sN__10MS . M5
Ouong Mot s HEU M = 0o dm 1AM NO; N~ 7 nam
S tiéu thu M S 32,06g S S
gu—'=0,21 — —g=6,87gv
nam nam 1MS nam

Gia stt ¢6 0,36 g S trong modi khéi chira 1 L, mdi khoi c6 du S d€ hd tro qua trinh kht nito
ctia viing 6 nhiém trong 0,052 ndm nhu tinh toan dudi day.
036g$

SO nam can thiét A€ lam can kiét S khoi khoi = o5 = 0,052 ndm
6,9

nam
Do d6, viing NOs-N sé ting thém 10 cm sau mdi 0,052 nam, hodc nguoi ta cé thé néi rang
né co thé tiéu thu tat ca S tir 19,2 khdi mdi nam (1/0,052=19,2), d6 la tdc do ctia vung NOs-N
tang thém 192 cm/nam. Mot cach khac dé tinh ty 1€ téng nhu sau:
10 cm 192 cm
- 0,052 nam - nam

Ty lé tang cua vung NO3-N

Quay vé Bai tAp s6 21
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13 Tac gia

Tién sy Will D. Robertson 1a Gido st danh dy tai Khoa
Trai dat va Khoa hoc Mbi truong, treong Dai hoc Waterloo,
Ontario, Canada. Tai day 6ng da giang day cac khoa hoc vé dia
chat thuy van vat ly va cac phuong phap thuc dia trong dia chat
thuy van trong hon 20 nam. Trong khoang thoi gian d6, 6ng da tw
van cho hon 30 sinh vién dai hoc va sau dai hoc, va xuat ban trén
tap chi chuyén nganh hon 50 bai lién quan dén cac ky thuat xac
dinh nién dai niréc ngam va cac van dé 6 nhiém lién quan dén chat

thai khai thac mo, xt Iy nwéc thai tai chd, va néng nghiép. Ong

cling 1a nguroi dong phat minh ra mot s8 bang sang ché lién quan
dén viéc tang cuong loai bo ni-to va phot-pho trong dong chay néng nghiép va trong cac
hé théng tu hoai.
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14 Dich gia

Chi Nguyén Nhuw Hué1a mot chuyén gia phan tich chinh
sach moi treong va ky s quan ly nwdce. Chi da tieng lam viéc
voi cac to chitc qudc t€ nhu Lién Hop Qudc, Fauna & Flora
International, Ban thu ky Uy hoi séng Mé Cong Qudc t& (MRC),
cing nhw véi Bo Thuy san (trede khi BO nay sat nhap vdéi B
Nong nghiép va Phat trién Nong thon) tai Viét Nam. Chi ¢6 hai

bang Thac sy khoa hoc, mot trong s6 d6 laky su va quan ly nude
& ti treong Dai hoc Stuttgart (CHLB Dtec), noi chi tap trung vao
cac chuyén nganh nhu quan ly cac tai nguyén nudc dudi dat, dia chat thay van, ky thuéat
vé sinh, va quan ly chat luong nudc. Luan van thac si cta chi tai treong Pai hoc Stuttgart
mo ta cac hanh vi van chuyén va suy thodi ctia mot nhém cac hoéa chat poly- va

perfluorinate trong dat.
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Téc dong ctia Hé thdng Tw hoai Ién Chét luong Nudc ngédm William Robertson

Vui long xem xét dang ky vao danh sach gtti thu cia Dy an The Groundwater Project (GW-
Project) d€ duoc cap nhat thong tin vé cac dot phat hanh sach méi, cac sy kién va cach thic
tham gia Dy &n GW-Project. Viéc ban dang ky vao danh sach email ctia chung t6i s€ gitup
chung t6i xay dung mot cong dong nwéc ngam toan cau. Dang kv 7.

THE emV.-.
GROUNDWATER

PROJECT
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