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The aim of this study is to quantify nitrogen and phosphorus flows in urban area of Haiphong city by
MFA, in order to identify weakness related to solid waste and wastewater management. The system
boundary is defined by the 5 urban districts in Haiphong city, and 8 components are included in the system
model developed. Each flow in the model is quantified through literature and interview surveys. The
visualization of N and P flows showed that, household is the process that produce highest amount of N and
P loading to environment. The main potential to mitigate environmental impact by these nutrients is the
appropriate management of human excreta and wastewater from households.
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1. INTRODUCTION

Material Flow Analysis (MFA) is defined as a
systematic assessment of the flows and stocks of
materials within a system defined in space and time.
It connects the sources, the pathways, and the
intermediate and final sinks of a material”, MFA is
considered as an attractive tool for environmental
and sanitation planning through the analysis of
organic and nutrient flows in the target area, but a
few studies has been done.

Brunner and Baccini? assessed the potential of
materials accounting techniques to forewarn of
critical loadings on water, air and soil. Binder et al.”
applied MFA for the early recognition of
environmental problems in Tunja, an urban region in
Colombia. They showed that MFA is possible to
apply even with poor data quality and quantity in
developing countries. Then, several MFA studies™?
has been carried out in developing countries.

Because Vietnam also faces severe problems on
sanitation and solid waste management as other
developing countries, MFA is considered as a useful
tool to discuss the key process of organic and
nutrient management and to develop the appropriate

management measures. Montangero et al.9 applied it
to Viet Tri, a small city in the northern area of
Vietnam. Their results indicated that 60% of the
nitrogen delivered to the households in form of food
was finally discharged with the excreta in surface
water, fish ponds or on the soil, resulting in water
pollution. Cau et al.” calculated nutrients (N & P)
budget of the Hanoi City, the capital of Vietnam.
The model used was just a simple inflow/outflow
model, consisting of only the major flows of
nutrients, but they could discuss on what were the
important flows that we should give more exact
information.

In this study, MFA is applied to get an overview of
the existing nutrient flows in Haiphong city, which
is the third largest city and an important center for
industrial activities in Vietnam. The indicators to be
analyzed are nitrogen (N) and phosphorous (P).

2. METHODS
Haiphong City is located on the delta of Red River

in the northern part of Vietnam as shown in Fig.1. It
is the third largest city in Vietnam, just after Hanoi
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and Ho Chi Minh City, and is a major port and
industrial center with a growing tourism center. It
has a subtropical climate, dominated by the
monsoons. The average temperature in winter is
19°C, in summer is 26°C, and the annual average
precipitation is 1,754 mm.

They have a dense network of rivers, canals and
ponds within the city, and are suffering flood events
frequently due to heavy monsoon rainfall and
insufficient drainage capacity. They have a sewer
network in the three central districts, but no
wastewater treatment has been done. According to
our survey for 100 households, approximately 80%
of households use septic tank, and 10% of
households use other sanitary latrines. Due to the
untreated grey water, seepage of septic tank and the
inappropriate handling of septage, rivers, ponds and
canals in the city are heavily polluted. Regarding
solid waste management, it is estimated that 605
tons/day of municipal solid waste are generated in
the 5 districts of Haiphong City, and 78% of them
are collected®.

There are 14 administrative units in Haiphong
including 5 urban districts, 1 town and 8 suburban

1

districts. The population of the city is 1,770,800 and
its density is 1,166 people/km>. The annual
population growth during the past years has been
around 1 % per year in the urban areas”, Total area
of Haiphong city is about 1,519 km* in which
agriculture area occupied 55.5%, forestry land
occupied 10.2%, and water surface occupied 15.3%.

Fig.1 Location of Haiphong City

| . Atmosphere |
..........I.l.I.‘b........ ......“h......I....“‘.....I....‘“...........Ji.dh..
. sl 13 3 Q % ‘2 e e
: < |8 § § $ § £ &
s Fertilizer | y P S | e
* — L
—:ML—* Agriculture . :
~Compos2_,, Foodl »  Houscholds 3 :
. L]
s A :g 0 g .
EWater4 é E g E § % 3 E
N
EF -42 A 4 % E % y E
Q0 » ~ Q .
" wgark 3l IS = Composting :
. Water3 - Market I~ ] :
. h 4 A .
L] . L]
: Septic tank Septage2 :
+ Raw Material a SW5 E
A — L
* Water2 o  Industry ; .
M — d Frgggxu;ggery CPI Collection .
<«CE2 Breweries Sorting SW4 :
esW7 Y v :
L ]
. 3 o LSHE = | |y B| Landfil | 2
: ERE 3 THH: :
[ ] Ay o 3
s System S § 5 § = S8 |5 eachate3
.Qqupgary.......‘y........."Ls...........‘L....‘a'...l".‘".N'.ﬁ;?l"‘?."q...... (NN NN NN NS
| Groundwater, Surface Water and Soil J

Fig.2 The model of nutrient flows in Haiphong City (CP: Consumer Product, SW: Solid Waste, WW: Waste Water)
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In this study, 5 urban districts are selected as a
target area. The population is about 0.62 million and
the area is 165.4 km®. Agricultural area is occupying
only 15.8% of the total area in the 5 urban districts.
Eight important components are selected to develop
the model of nutrient flows. Fig.2 shows the model
of nutrient flows in Haiphong city, developed in this
study.

* 3. ESTIMATION OF MATERIAL FLOW

To quantify each flow of the models shown in
Fig.2, literature survey and interviews for the related
authorities and 100 households are carried out.
Table 1 shows the methodology to determine each
flow, and data or data source for determination.

Major agriculture activities are rice, fruit, and
vegetable cultivations in this area. Because they
have only data collected in the whole city area, data
on agricultural activities are allocated to 5 urban
districts according to the actual percentage of
agricultural land use. Chemical fertilizer and manure
are imported from outside of system boundary. To
simplify the estimation, it is assumed that only

buffalo and pig manure are used in the process.
Irrigation water also contains nutrients, some of
which are taken by plants whereas some were losses
through drainage water and percolate into the soil.
Crop residuals, mainly leaves, are normally
composted onsite by informal composting and used
as soil amendment in the area. All of crops produced
are transferred to the markets for city consumption.

The key industrial sectors in the city are machinery
manufacture, footwear, garment, construction
material production, food process, breweries and
rubber. Among them, frozen fishery and breweries
are selected as important industries in terms of
nutrient flows.

Four main markets in the city are considered in the
“Market” component. The “Households” includes
all households, schools, restaurants, department
stores, hospitals, hotels, offices and universities.
The “Composting” represents informal composting
of agricultural waste and windrow composting of
organic waste. There is one composting plant that
serves for 5 urban districts in the city, but it is not
operated now due to the problems in implementation
and management of the system.

Table 1 Determination method and data source for material flows

Flow Determination Method Data or data source
Fertilizer N, P contents x X [fertilizer (ton/ ha N, P contents, fertilizer:10)
cultivated area) x area (ha) x cycle area: 9)
(cycle/y)] cycle: according to the interview (2-3 cycles per year
34 g
Manure N, P contents x % [manure (ton/ N, P contents, manure: same as N, P contents and fertilizer in
cultivated area) x area (ha) x cycle “Fertilizer”
(cyclefy)] area: same as area in “Fertilizer”
cycle: same as cycle in “Fertilizer”
Compostl transfer coefficient of N,P in transfer coefficient of N, P in composting: 69% for N, 99% for P
composting x (SW8 + SW5) (ton/y)
Compos 2 N, P contents x T [compost (ton/ha N, P contents, compost: same as N, P contents and fertilizer in
cultivated area) x area (ha) x cycle “Fertilizer”
(cycle/y)] — Compost 1 (ton/y) area: same as area in “Fertilizer”
) cycle: same as cycle in “Fertilizer”
Foodl 2 [N, P contents x production (ton/y)]  N,P contents: same in “Food 3”
Production: 10)
Food2 Mass balance of “Market”
Food3 (For crop commodities) N/P ratio x P N/P ratio: 10.0 except for Soybean in crop commodities, 5.0 for

contents x X [food consumption
(ton/y)]

(For livestock commodities) N/P ratio
x N contents x Z [food consumption

(ton/y)]

livestock commodities

P contents: 0.4 mg/g (vegetable),0.2 mg/g (fruits), 0.1 mg/g
(sugar), 3.3 mg/g (cereals), 0.185 % (rice)

N contents: 3.2 (fish), 0.5 (milk), 19.87 (meat) and 11.95 (egg)
from several literatures
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Table 1 Determination method and data source for material flows (continued)

Flow Determination Method Data or data source
Raw material X [N,P contents X raw material N,P contents : 3.2% for N, 0.64% for P in fishery factory,
(ton/product) x production 33mg/g for N and 3.3 mg/g for P in Beer factory
(product/y)] raw material: 1.1 ton/1 ton fishery product, 1 kg/ 1L beer
product i
production: 9)
CP1 Z [N,P contents x production (ton N, P contents: same in “Raw material” (for fishery product ),
product/y) x %consumption within 0.65g/1 for N and 0.41g/1 for P (for Beer product)
area] production: same in “Raw material”
%consumption: 10% of beer and fishery product
CP2 Z [N, P contents x production (ton N,P contents: same in “CP1”
product/y) x %export production: same in “Raw material”
%export: 90% of beer and fishery product
Waterl N,P contents x T [water consumption N, P contents: 0.25mg/1 for N (average quality in water source),
(m3/ha/cycle) x area (ha) X cycle P is negligible
(cycle/y)] water consumption: same as fertilizer in “Fertilizer”
area: same as area in “Fertilizer”
cycle: same as cycle in “Fertilizer”
Water2 N,P contents x % [water consumption  N,P contents: 0.15mg/1 for N, P is negligible
(m’/product) x production water consumption: 8’ / 1 ton fishery product, 10L water / 1L
(product/y)] beer product
production: same as production in “Raw material”
Water3 N,P contents x Total water N,P contents: 0.15mg/] for N, P is negligible
consumption for market Total water consumption for market: 5,211 m’/day
Water4 N, P contents x Total domestic water N, P contents: 0.15mg/1 for N, P is negligible
consumption Total domestic water consumption: 85,600 m’/day
Greywater N,P concentrations x {TC of domestic N,P concentrations: 49.5 mg/L for N, 2.85 mg/L for P
WW * Water 4 — [flush wate x TC of domestic WW: 85% water consumption in households
populqtiop x percentage of HH access flush water: 30L/c/d
fo sanitation]} population: 620,400
percentage of HH access to sanitation: 90%
WwW Transfer coefficient of WW x Water3  Transfer coefficient of WW: 90%
Effluentl N, P contentrations x [flush water X N, P contentrations: 2.97mg/L for P, 57mg/L for N
population x percentage of HH access  flysh water and population: same as grey water
to septic tank] x % discharge to percentage of HH access to septic tank: 80%
drainage % discharge to drainage: 90%
Effluent2 N, P concentration X wastewater N, P concentration: 45mg/L for N and 18mg/L for P in beer
(m3/product) X production (product/y) factory
and N, P emission: 8.4 kgfton for N and 2.73kg/ton for P
N,P emissions (kg/product) x wastewater: 9L/1L beer product
production (product/y) production: same as production in Raw material
Seepage mass balance in “Septic tank”
Leachatel Transfer coefficient of seeping water  Transfer coefficient of seeping water in soil: 45% by Kruitkui'?
in soil x Water 1
Leachate2 Transfer coefficient of leachate in Transfer coefficient of leachate in compost: 1% for N and P
compost x (SW5 + SW8)
Leachate3 Transfer coefficient of leachate in Transfer coefficient of leachate in landfill: same in
landfill x (SW4 + Septage 2) “Leachate2”
Air Planted area of soybean x N fixation ~ Planted area of soybean : same as area in “Fertilizer”

per area

N fixation per area: 56,250 g N/hectare
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Table 1 Determination method and data source for material flows (continued)

Flow Determination Method Data or data source
SW1 N, P contents x Total domestic SW N,P contents: 3.18 g/kg for Nu), 0.205% for P
collected by municipality per day x 365 Total domestic SW collected by municipality: 218
days/y ton/day(57% for food waste)®)
SW2 N, P contents x Total market SW N,P contents: same in “SW1”
collected by municipality per day X 365 Total market SW collected: 193 tons/day
days/y
SW3 N,P contents x (SWI+SW2+SW6)x % of N, P contents: same in “SW1”
illegally dumped SW % of illegally dumped SW: 22%
SW4 N, P contents x (SWI+SW2+SW6)x % of N,P contents: same in “SW1”
SW transported to landfill % of SW transported to landfill: 78%
SW5 % Organic SW to composting x SW4 The process has stopped, so considered as 0.
Swe6 N, P contents x SW per product Only for fishery industry
(ton/product) x production (ton/y) N, P contents: same in “Raw material’
SW per product : 0.1ton / ton fishery product
production: same as production in “Raw material’
Sw7 N, P contents x SW per product Only for beer industry
(ton/product) x production (ton/y) N, P contents; same in “Raw material”
SW per product : 0.34 kg/L beer product
production: same as production in “Raw material”
SW8 N,P contents x T Agriculture SW use for ~ N,P contents: 4mg/g for N, 0.4 mg/g for P
composting per cycle (ton/cycle) * Agriculture SW use for composting: 50% of rice straw,
cyclely produced 5.5-8 ton/ha (interview)
Gasl Rice straw burnt (tons) x NOx and N;O  Rice straw burnt: 50% of rice straw, produced 5.5-8 ton/ha
emissions per straw burnt + respiration (interview)
NOx and N>O emissions per straw burnt: 2.5 and 0.07 g/kg
Respiration: 20% of N loading
Gas2 Mass balance in “Industry”
Gas3 ignored
Gas4 %water loss to atmosphere x household  ignored
water consumption + respiration
Gas5 ignored
Gas6 Transfer coefficient of gas in compostx  Transfer coefficient of gas in compost: 30% for N, 0% for P
(SW5 + SW8) :
Gas7 Transfer coefficient of gas in landfill x  Transfer coefficient of gas in landfill: same in “Gas6”
(SW4 + Septage 2)
Blackwater] N substance per person per day in N, P emissions per person: 12.5 for N and 1.5 for P
human waste * population * days/y * %  population: same in “Greywater”
household access to sanitation % household access to sanitation: 9%
Blackwater2  N,P emissions per person per day in N,P emissions per person: same in “Blackwaterl”
human waste * population * days/y * %  population : same in “Greywater”
household do not access to sanitation  q, poysehold do not access to sanitation: 10%
Septagel N,P contents X septage generation N, P contents: 0.97% for N, 0.17% for P
(kg/c/d) x population (persons) x 365 septage generation : 1 kg/capita/day
days/y * % HH access to sanitation x %
illegally septage discharged
Septage2 N, P contents x septage generation N, P contents: same in “Septagel”

(kg/c/d) x population (persons) x 365
days/y x % HH access to sanitation * %
septage transported to landfill
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4. RESULTS AND DISCUSSION

(1) Estimated nitrogen and phosphorus flows

Through balancing input and output in each
component, the estimated nitrogen and phosphorus
flows per person of Haiphong city are presented in

Fig.3 and Fig.4.

Fig.3 indicates that food import account for 2/3 of
total nitrogen input to the system. Raw materials to
the industries and the import of chemical fertilizer
account for more than 10% of total nitrogen input.
Regarding the nitrogen output from the system,
direct disposal of septage to the environment has the
highest contribution, which accounts for 20% of
total output. Discharges of seepage from septic tank
and grey water also have significant portions around
15 % of total output.

Fig.4 shows that food import is also the important

significant flow, and it accounts for 40% of total
phosphorus output. Direct disposal of septage to the
environment is also significantly coniributed to the
phosphorus output.

Food import is hard to control in terms of nutrient
management, thus the appropriate management of
septage from septic tank is the most important issue,
identified through this analysis. Reduction of
nitrogen in seepage and grey water discharge is also
important, especially for nitrogen. The appropriate
usage of fertilizer seems to be more important for
controlling phosphorus emissions.

However there are several points that are difficult
to explain in these results. As the result of mass
balance in “Industry” component, there is a
significant value for “Gas2” in Fig.4, which is
usually considered as negligible. Both for nitrogen
and phosphorus, around 50% of input are discharged

flow for phosphorus input to the system. It accounts
for 55% of total phosphorus input. Chemical

fertilizer and manure are also important flows,
which account for 23% and 15%, respectively.
Regarding the phosphorus output from the system,
discharge from agricultural activity is the most

in the “Households” component. It means that the
remaining 50% of input are stored in our body, but it
seems to be higher than we have imagined. These

points

imply that further

discussions are necessary to improve these results.

investigations and
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Fig.3 The Estimation of N Flows in the System of “Haiphong Urban Districts” in g/person/year
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Fig.4 The estimation of P Flows in the System of “Haiphong Urban Districts” in g/person/year

Table 2 Comparison the Estimated N Fluxes per capita with Haiphong and other researches

Kumasi® Pak Kret” Viet Tri® Hanoi” Haiphong
Fertilizer, Manure and
Compost input to Agriculture 04 74 8.2 0.5 6.7
Food input to Household 13.2 9.7 8.5 26.0 271
Solid waste from Household 6.4 23 0.7 3.6 1.1
Black water from Household 9.5 7.9 7.8 No data 12.6

(2) Comparison with other researches

In order to obtain the unique characteristic of this
region, nitrogen flows obtained from this study are
compared with past researches for other regions.
Table 2 shows the estimated nitrogen flows in
Haiphong and other researches. Because target
flows in each research are not same, only 4 inputs
and outputs shown in this table are compared.

From the tables, it can easily be seen that there
were some differences in estimated results. The
differences in “fertilizer, manure and compost input
to agriculture” can be caused by different level of
agricultural activities among the target areas. Pak
Kret and Viet Tri are the suburb area of Bangkok
and Hanoi, the capital cities in each country, and
higher agricultural activity with other areas.

For “food input to household”, this study and
Hanoi are much larger than other 3 researches. The

estimated values in these studies including this study
can be considered to include a significant error due
to many assumptions for estimation. Therefore
several parameters assumed in the estimation, such
as N content in various type of food, have a
significant influence on the result.

“Solid waste from household” is also different in
each study. This difference may be caused by the
way of collection from household. Organic waste
may be recycled in household at source before
collection by municipality in some area. The
nitrogen flux of “Black water” is relatively similar
among the target areas.

5. CONCLUSIONS

This study is conducted to quantify nutrient flows
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using MFA, to identify weakness related to solid
waste and wastewater management in Haiphong
City, Vietnam. The system model of nutrient flows
is developed first, then each flow in the model is
quantified through literature and interview surveys.

The visualization of N and P flows through the
system shows that “Households” is the important
process that produce significant amount of N and P
loading to the environment. The main potential to
improve nutrients emission is to optimize excreta
and wastewater management from households.
Fertilizer practice is also important especially for
phosphorus control.

Through the comparisons with other studies for
other regions, the differences among areas may be
caused by not only the regional characteristics, but
also assumptions in the estimation of nitrogen flows.
Therefore the further research is necessary to
improve the accuracy of MFA result.

Finally, we would like to appreciate the financial
support by CREST program in Japan Science and
Technology Agency to conduct this study.
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