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More than 24,000 acres of groundnut

planted in Mingin Towns

Mingin February 4

Statistics of Mingin Town-
ship Agriculture Department
in Sagaing Region stated that
local farmers planted 24,105
acres of groundnut as cold
season crops in the township
this year.

During the 2025-2026
winter crop cultivation season,
Mingin Township earmarked
24,558 acres for groundnut
cultivation. Planting began in
October 2025, and as of today,
24,105 acres have already
been planted.

..}l

“In Mingin Township,
groundnuts were planned
to be cultivated on 24,558
acres, and planting has been
completed on 24,105 acres.
Groundnut cultivation has
been successful and is pro-
gressing well. As an oilseed

hip

crop, it is in a favorable con-
dition, and groundnut cultiva-
tion has been improving year
by year,” said Daw Hayman
Kyaw Win, Township Head of
the Mingin Township Depart-
ment of Agriculture.

In Mingin Township,
groundnut cultivation requires
one and a half baskets of seed

g per acre. Including the costs
s of seed, labor, fertilizer, and

pesticides, production costs

& cxceed K200,000 per acre.

Yields are reported to be more
than 50 baskets per acre.
To ensure successful crop

4 development and to prevent

pest and disease infestations
and weed growth, staff mem-
bers from the Township De-
partment of Agriculture are
conducting field inspections
of groundnut farms and col-
lecting monitoring and survey
records. 206

Phaungpyin Township grows more than
3,000 acres of vegetables

Phaungpyin February 4

A total of 3,910 acres of
vegetables were planted on
the cropland in Phaungpyin
Township of Sagaing Region,
according to the Mawlaik Dis-
trict Agriculture Department.

In 2025-26 cold season
crop cultivation period, lo-
cal authorities earmarked
cultivation of 3,906 acres of
vegetables in Phaungpyin
Township but local farmers
have so far planted 3,910
acres of crops, exceeding the
target cultivation.

“In Phaungpyin Town-
ship, during the winter crop

cultivation season, 3,906
acres were earmarked for
vegetable cultivation, and a
total of 3,910 acres were suc-
cessfully planted. Cultivation
exceeded the original target
acreage. The crops grown
include mustard greens, chilli,
Chinese cabbage, cauliflower,
culinary herbs and spices,
potatoes, cabbage, eggplant,
and gourds. Farmers are pro-
vided with technical guidance
to ensure that all vegetables
are cultivated using the GAP
(Good Agricultural Practices)
system. Technical support
is also being given so that

all vegetables are grown in
a health-compliant manner
with minimal chemical resi-
dues,” said Daw Kywe Kywe
Hlaing, Head of the Maw-
laik District Department of
Agriculture.

In Phaungpyin Township,
the Township Department
of Agriculture is providing
vegetable farmers with tech-
nical training on GAP-based
cultivation methods, offer-
ing guidance to ensure that
vegetables harvested from
farms are healthy and safe for
consumption, and supporting
efforts to expand vegetable

cultivation.

Vegetables of various
types are grown seasonally
each year in Phaungpyin
Township. These crops have
been producing good yields,
enabling farmers to earn
household income. The Town-
ship Department of Agricul-
ture is also providing farmers
intending to grow vegetables
with education and guidance
on proper cultivation meth-
ods, pest prevention, and the
production and use of natural
fertilizers, natural pesticides,
and pest control solutions.

206

Trump signs funding
package, ending brief
partial government
shutdown

Washington February 4

U.S. President Donald
Trump on Tuesday signed
a massive funding package,
ending a partial government
shutdown that began Sat-
urday.

The bill narrowly passed
the House of Representatives
earlier Tuesday, after gaining
Senate approval on Friday.

The latest package will
fund multiple U.S. federal
agencies for the remainder
of'the fiscal year, which ends
on Sept. 30.

The agencies include the
Department of Defense, the
Department of Education,
the Department of Health and
Human Services, the Depart-
ment of Labor, the Depart-
ment of Transportation, and
the Department of Housing
and Urban Development.

Funding for the Depart-

ment of Homeland Security
(DHS), originally included
in the omnibus funding pack-
age, has been removed. The
department will instead re-
ceive a two-week continuing
resolution at current funding
levels, allowing both par-
ties and the White House to
continue negotiations on im-
migration enforcement.

The recent two fatal
shootings by federal enforce-
ment personnel in the state of
Minneapolis have prompted
Democrats to seek changes
to how immigration agen-
cies operate. Senate Minority
Leader Chuck Schumer has
said that until Immigration
and Customs Enforcement is
properly reined in and over-
hauled legislatively, the DHS
funding bill does not have the
votes to pass the Senate.

Xinhua

Htigyaing Township expands sown acreage
of vegetables more than the target

Htigyaing February 4

Local farmers cultivate
vegetables on the croplands
exceeding the target cultiva-
tion in Htigyaing Township
of Sagaing Region this year,
according to the township
Agriculture Department.

Local authorities set a
plan to grow 1,825 acres
of vegetables in Htigyaing
Township of Sagaing Region
in 2025-26 season. But, farm-
ers started cultivation of crops
in October 2025, and so far,
they have plamted 2,400 acres
of crops, exceeding the target
cultivation.

During the winter crop
cultivation season in Htigya-
ing Township, 1,825 acres
were initially earmarked for
vegetable cultivation, but
farmers were able to culti-
vate a total of 2,400 acres,
exceeding the original target.
The vegetables grown in-
clude mustard greens, chili,
culinary herbs and spices,
potatoes, cabbage, eggplant,
and gourds. Farmers were
provided with technical as-
sistance to ensure that all veg-
etables were cultivated using
the GAP (Good Agricultural
Practices) system. Technical

guidance was also given to
help farmers grow vegetables
in a health-compliant manner
with minimal chemical resi-
dues,” said U Ko Ko Aung,
Township Head of the Htigya-
ing Township Department of
Agriculture.

In Htigyaing Township,
the Township Department
of Agriculture is providing
vegetable farmers with tech-
nical training on GAP-based
cultivation methods, offer-
ing guidance to ensure that
vegetables harvested from
farms are healthy and safe for
consumption, and supporting

farmers in expanding vegeta-
ble cultivation.

Vegetables of various
types are grown seasonally
each year in Htigyaing Town-
ship. These crops have been
successfully cultivated, ena-
bling farmers to earn house-
hold income. The Township
Department of Agriculture is
also providing education and
guidance to farmers intending
to grow vegetables on proper
cultivation techniques, pest
prevention, and the produc-
tion and use of natural ferti-
lizers, natural pesticides, and
pest control solutions. 206

Putin hails ‘unending
spring’ in Russia-
China ties during

call with Xi

Paris February 4

Russian President
Vladimir Putin has praised
ties between China and Rus-
sia, saying the two nations
enjoy an “unending spring”
in their relationship during
a video conference with
his Chinese counterpart,
Xi Jinping, on Wednesday.

The partnership between
the two countries is sup-
ported by robust economic
and energy ties. Putin noted
that bilateral trade turnover
has stabilized at a consist-
ently high level, exceeding
$200 billion annually. He
also emphasized Russia’s

position as a leading supplier
of energy resources to the
Asian country.

Putin assured Xi of firm
support for all joint efforts to
ensure the sovereignty and
security of the two countries,
their economic prosperity,
and the right to choose their
own path of development.

Xi noted that Moscow
and Beijing are demonstrat-
ing their resolve to uphold
international justice. He also
stated that bilateral trade
and cultural-humanitarian
relations are developing
successfully.

RT
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More than 20,000 acres of pigeon pea

T v ™ g

Earmersfscenthanvestingipigconipeaslinfalfield

Budalin February 4

Local farmers have har-
vested 20,540 acres of pigeon
pea planted in monsoon sea-
son in Budalin Township of
Sagaing Region, according to
the statistics of the township
Agriculture Department.

In Budalin Township, up
to 34,533 acres of pigeon

pea were cultivated during
the monsoon crop season.
Harvesting of the pigeon pea
fields began in December
2025, and as of today, 20,540
acres have been harvested,
with an average yield of 17.43
baskets per acre.

“In Budalin Township,
pigeon pea has been cultivated

harvested in Budalin Town

on as many as 34,533 acres.
Harvesting of these fields is
currently under way, and to
date, 20,540 acres have al-
ready been harvested. Pigeon
pea cultivation has exceeded
the initially targeted acre-
age, and measures have been
taken to ensure good yields.
Farmers grow pigeon pea

ship

~ both as a sole crop and under

intercropping systems,” said
U Phyo Wai, Head of the Bu-
dalin Township Department
of Agriculture.

In Budalin Township, the
Department of Agriculture is
providing field-level exten-
sion services to pigeon pea
farmers, including guidance
on selecting quality and pure
seeds, applying proper culti-
vation methods, preventing
pest infestations, and improv-
ing crop yields.

The township Depart-
ment of Agriculture is also
disseminating techniques
that combine the use of urea
and potash to help pigeon
pea farmers reduce the cost
of purchasing foliar fertiliz-
ers. The combined use of
urea and potash is reported to
lower cultivation costs, reduce
pest incidence, and promote
healthy crop growth.

206

Public

and robbing.

general public.

for Elimination of
Violence

1. Declaring themselves to be “for the people”,
the so-called CRPH, NUG and PDF terrorist
groups are lawlessly killing Buddhist monks,
civil servants including schoolteachers, and

members of the general public, as well as looting

2. Not encouraging, supporting, or assisting “CRPH”,
“NUG”, and “PDEF” terrorists, who are intimidat-
ing and killing people and committing destructive

activities, is to protect the lives and property of the

3. Giving information secretly to the authorities on ter-
rorists and on possession and transport of weapons/
ammunition is tantamount to protecting the lives

and property of innocent people.

Notice

Farmers expand cultivation of vegetables
in Kanbalu Township

Kanbalu February 4

Local farmers could ex-
pand sown acreage of veg-
etables on the croplands in
Kanbalu Township of Sagaing
Region this year, according
to the township Agriculture
Department.

During the 2025-2026
winter crop season, Kan-
balu Township authorities
earmarked to cultivate 7,426
acres of vegetable crops.
Planting began in October
2025, and to date, 7,515 acres
have been planted, exceeding
the original target.

“In Kanbalu Township,
7,426 acres were initially
earmarked for vegetable cul-
tivation, but planting has
now reached 7,515 acres,
surpassing the target. The
main crops include mus-
tard greens, chilies, culi-
nary herbs and spices, pota-
toes, cabbage, eggplant, and
cauliflower. Farmers have
been provided with techni-
cal guidance to ensure that
all vegetables are cultivated
using the Good Agricultural
Practices (GAP) system. We
have also given technical

support so that vegetables are
grown in a health-conscious
manner with minimal chemi-
cal residues,” said U Myo
Zaw, Head of the Kanbalu
Township Department of
Agriculture.

In Kanbalu Township, the
Department of Agriculture has
supported vegetable farm-
ers by providing technical
training on GAP cultivation
methods, guidance to ensure
that vegetables produced from
farms meet health and safety
standards, and assistance to
encourage the expansion of

vegetable cultivation.
Kanbalu Township annu-
ally cultivates a wide range
of seasonal vegetables. These
crops are reported to be grow-
ing successfully and contrib-
uting to household incomes.
The township Department
of Agriculture has also been
providing awareness and tech-
nical guidance to prospective
vegetable growers on correct
cultivation methods, pest pre-
vention, and the production
and use of natural fertiliz-
ers, natural pesticides, and
bio-pesticides. 206

Homalin Township plant more than 8,000
acres of kidney bean this cold season

Homalin February 4

Statistics of Homalin
Township Agriculture De-
partment stated that local
farmers planted 8,020 acres
of kidney bean as cold sea-
son crops in Homalin Town-
ship of Sagaing Region this
year.

During the 2025-2026
winter crop season, Homalin
Township has earmarked
9,497 acres for the cultiva-
tion of kidney beans. Plant-
ing began in October 2025,

and to date, 8,020 acres
have already been planted,
according to reports.
“During the winter crop
season in Homalin Town-
ship, more than 9,000 acres
were targeted for kidney
bean cultivation, and over
8,000 acres have already
been planted. We are contin-
uing efforts to meet the full
targeted acreage. To ensure
good yields and quality of
pulse crops, we are working
together with farmers to pro-

vide quality and pure seed
varieties, necessary inputs,
and post-harvest technology
training,” said Daw Su Su
Htwe, Head of the Homalin
Township Department of
Agriculture.

In Homalin Township,
the Department of Agricul-
ture is carrying out aware-
ness-raising activities to
help kidney bean farmers
expand their cultivated acre-
age, improve yields, adopt
Good Agricultural Practices

(GAP), use quality and pure
seeds, and grow high-yield-
ing varieties.

Crops cultivated using
GAP methods are reported
to have better quality than
those grown using other
methods, fetch higher prices,
and meet standards suit-
able not only for domestic
markets but also for export
markets. As a result, farmers
adopting these methods are
expected to achieve greater
economic benefits. 206

Taze Township grow
more than 1,700 acres
of vegetables in
winter

Taze February 4

YeU District Agriculture
Department mentioned that
local farmers gew 1,727
acres of vegetables in Taze
Township of Sagaing Region
this year.

During the 2025-2026
winter crop season, Taze
Township planned to culti-
vate 1,725 acres of vegetable
crops. Planting began in Oc-
tober 2025, and as of today,
1,727 acres have been plant-
ed, slightly exceeding the
target, according to reports.

“In Taze Township, 1,725
acres were earmarked for
vegetable cultivation, and we
have been able to plant 1,727
acres. The main crops include
mustard greens, chilies, culi-
nary herbs and spices, pota-
toes, cabbage, eggplant, and
cauliflower. Farmers have
been provided with techni-
cal guidance to ensure that
all vegetables are cultivated
using the Good Agricultural
Practices (GAP) system. We
have also provided technical
support to ensure that veg-
etables are grown in a health-

conscious manner with mini-
mal chemical residues,” said
U Zaw Myint Tun, Head of
the YeU District Department
of Agriculture.

In Taze Township, the
Township Department of
Agriculture has supported
vegetable farmers by provid-
ing technical training on GAP
cultivation methods, guid-
ance to ensure that vegetables
produced from farms meet
health and safety standards,
and assistance to encourage
the expansion of vegetable
cultivation.

Taze Township annually
cultivates a wide range of
seasonal vegetables. These
crops are reported to be grow-
ing successfully and contrib-
uting to household incomes.
The township Department
of Agriculture has also been
providing awareness and
technical guidance to pro-
spective vegetable growers
on correct cultivation prac-
tices, pest prevention, and the
production and use of natural
fertilizers, natural pesticides,

and bio-pesticides. 206
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MATRICULATION EXAMINATION
DEPARTMENT OF MYANMAR EXAMINATIONS
Time Allowed: (3) Hours
WRITE YOUR ANSWERS IN THE ANSWER IN THE ANSWER BOOKLET
The symbols in this paper have their usual significance
SECTION (A)
(Answer ALL questions)

1. Write TRUE or FALSE for each of the following statements. (10 marks)
(a) Condensation polymers often have higher molecular masses than addition polymers.
(b) The formation of the product is favoured by high temperature in an endothermic

reaction.

CHEMISTRY

(c) The octet rule does not apply to d-block elements.
(d) When heat is transferred to a system at constant pressure, the enthalpy of the system

decreases.
e) The rate of a reaction depends on the enthalpy of the reaction.
f) Light atoms vibrate at higher frequencies than heavy atoms.
g) Volatile organic compounds lead to the formation of smog.
h) In water molecules, hydrogens are partially positive and oxygen is partially negative.
i) The colours of all 34 transition elements are silvery -white.
j) Aradionuclide is an atom with an unstable nucleus which has excessive energy.
2. Fill in the blanks with the correct word(s), notation(s), terms(s), unit(s), etc.,

as necessary. (10 marks)
(a) The enthalpy changes for the combustion reactions are always __
(b) Ethanol is oxidised by atmospheric oxygen in the presence of ____
(c) Prolonged exposure to radon gas can cause _____
(d) If the K. value is , the equilibrium lies to the left.
(e) Fora gaseous reaction, the rate of a reaction may be expressed in the unit,
(f) ____ forces exist between the layers of carbon atoms in graphite.
(
(
(
(

— e

g) Titanium(IV) chloride is used for the manufacturing of high-density _____in industries.
h) In general, the ions of transition elements have an electronic configurationof _____
i) Acids and bases differ greatly based on their
j) At low temperature, additional polymers lose plasticity and elasticity and become

3. Choose the best answer for each question given in the following.
(a) Amino acids are connected in a chain by what type of bond?
A. Covalent B. lonic C. Metallic D. Hydrogen

(10 marks)
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(b) In nature, the most stable form of carbonis ____
A. diamond B. graphene C. graphite
(c) Which of the following pairs has the same molecular geometry?
A. CH, and SF, B. NH} and SF, C.CH,and NH; D. None of these
(d) When two electrons are in the same orbital, which property must be different for
them to comply with Pauli’s exclusion principle?
A. Mass B. Spin C. Charge
(e) Which one of the following substances acts as a catalyst?
A. Carbohydrates B. Lipids C. Enzymes
_____has the highest penetrating power.
A. Alpha particle B. X-ray C. Beta particle  D. Gamma ray
(g) The number of unpaired electrons present in the Cu*ionis ______
A. one B. two C. zero D. three

D. coal

D. Energy

D. Nucleic acids

(f)

(h) Which element is always present in Arrhenius acid?
A. Hydrogen B. Oxygen C. Nitrogen
(i) What is the impact of ocean acidification on marine life?
A. Enhanced coral rise B. Increased fish pollution
D. Harm to shellfish and coral

D. None of these

C. Reduced sea level rise
does not affect the state of the equilibrium position.
A. Temperature B. Pressure C. Concentration D. Colour

SECTION (B)

)

4. Answer All questions. (25 marks)

(a) (i) Which type of molecules can accept an electron pair from a molecule bearing a

lone pair of electrons? Give two examples of this type of molecule.
(ii) What does the type of chemical bonding depend on?
(iii) Name of forces that can be found in all substances.

(b) (i) How does light affect the rate of a reaction?

(i) When 8.0 g of sodium chloride is dissolved in 40 cm? of water, the temperature
falls to 20.5 °C from 22.0 °C. Calculate the energy absorbed by the solution when
sodium chloride dissolves. Answer with three significant figures. (c = 4.18 J g!
°C?, Na =23, Cl = 35.5)

(iii) What are the units of the rate of reaction?

(c) (i) Inthe reaction, 2 A(ag) — 4B(aq) + C(aq), the decomposition of compound A at
300 K in a solution with constant volume can be followed by monitoring the
concentration of A. Initially (at t = 0), the concentration of A is 2.00 mol dm,
and after 120 s, it is reduced to 1.76 mol dm™. Calculate the rate of the reaction.
Classify each equilibrium system as either homogeneous or heterogeneous. Give
reasons.

(A) 2Hg(l) + O,(g) = 2HgO(s) (B) 2 HF(g) = H,(g) + F,(g)

Give the long forms of the following recycling symbols that are mentioned on
plastic products. PETE/PET, HDPE, PP

(ii) How are the biodegradable plastics made?

(i)

(d) (i)

(iii) What gas is produced during the combustion of PVC?
(e) (i) What are the sources of excess nitrogen and phosphorus in the ecosystem?
(ii) Define the term “Green technology.”
(iif) How do the persistent organic pollutants harm the environment?
OR
(e) (i) Which fissile heavy atoms are used as fuels instead of fossil fuel in a nuclear
reactor?
(ii) Give the uses of caesium-137 radionuclide.
(iii) What are the advantages of using plant-based insecticidal soap?
5. Answer All questions. (15 marks)
(a) (i) Why are the divalent ions of Co*, Ni*, Cu®** and Zn* poor reducing agents?
(i) Whatis meant by ferromagnetic? Give three examples of ferromagnetic substances.
(iii) Name the transition metal catalyst that is used for the Contact process.
(b) (i) Which spectroscopy is used to identify the functional groups of organic compounds?
(i) How do you tell if a compound is an aldehyde or a ketone by using Fehling’s
test?
(iii) Sketch the structure of 2, 4-DNP.
(c) (i) Describe the acid-base properties of water in the Br@#nsted-Lowry framework.
(ii) Calculate the concentration of hydroxide ions which are runoff from a coal mine
with a hydrogen ion concentration of 1.2 x 10 mol dm. Is this solution acidic,
basic, or neutral?
OR
What are the conjugate acids for the bases, NH,", NH_, and CH,CO0-?
Calculate the pH of a buffer solution containing 0.10 mol of methanoic acid (pk,
= 3.8) and 0.01 mol of sodium methanoate per dm?.

(c) (i)
(ii)
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6. Answer All questions. (15 marks)
(a) (i) What type of alcohol can be used to prepare propanone? Explain with the
relevant equation. Describe the uses of acetone.
(ii) Give the structures of the following compounds.
(A) 3,3-dimethylbutanal  (B) 4-hydroxy-2,2-dimethylbutanoic acid
OR
What carboxylic acids and alcohols would you use to make the following esters?
(A) butyl methanoate (B) propyl propanoate
(ii) The boiling point of ether is much lower than alcohol of similar molecular mass.
Why?
(b) (i) Why can transition metal compounds form coloured ions in an aqueous solution?
(ii) What are the metallic properties of the transition elements?

(a) (i)

(iii) Which element in the 3d transition series has the highest possible oxidation
state?
(c) (i) How would you control the temperature to obtain more HCl in the given
equilibrium?
2CL(g) +2 H,0(g) = 4 HCl(g) + 0, (g)  AH=(+)
(i) Hydrogen sulphide gas decomposes to form hydrogen and diatomic sulphur
gaseous molecules, S,, at 1405 K. The equilibrium constant for the reaction is
2.270 x 107, If the concentrations of S, and H,S are 0.054 mol dm™ and 0.184
mol dm=, how much of the concentration of hydrogen gas would be produced?
7. Answer All questions. (15 marks)
(a) (i) Predict the shape of the H,0 molecule in terms of Lewis structure, and VSEPR
model. What will be the bond angle of H-0-H?
(ii) Why does graphite have a hexagonal structure?

OR
(a) (i) The molecule of XF, has a dipole moment. Is “X” a boron or phosphorus? Give
a reason.
(ii) What are the requirements for the formation of hydrogen bonds between covalent
molecules?

(b) (i) Usingthe bond enthalpy values, calculate the enthalpy change for the combustion
of methane shown by the equation,
CH,(g) +20,(g) — CO, (g) + 2H,0(l)
(E (C-H) = 410 kdmol™, E (0=0) = 496 kJmol™, E (C=0) = 805 kJmol™,
E (O-H) = 456kJmol™)
(ii) State Hess’s law.
(c) (i) What is the repeating unit of terylene?
(ii) How do you identify the amide functional group on the IR spectrum?
(i) Primary amines are more soluble in water than secondary and tertiary amines.
Why?
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ANSWER
SECTION (A)
1. Each 1 mark x 10 (10 marks)
(a) FALSE (b) TRUE (c) TRUE (d) FALSE (e) FALSE (f) TRUE (g) TRUE (h) TRUE
(i) FALSE (j) TRUE
2. Each 1 mark x 10 (10 marks)
(a) negative/minus/AH = - (b) bacteria (acetobacter) (c) lung cancer
(d) small/smaller than 1/less than 1/< 1/« 1
(e) dm? s'/cm® s7//mol s*/atm s//mmHg s (f) Weak van der Waals
(g) polyethene/polyethylene (h) (n-1) d *** (i) strengths (j) brittle

3. Each 1 mark x 10 (10 marks)

(a)A (b)c  (gCc (B (¢9)c (D (gCc (WA (D ()D
SECTION (B)

4. Each 5 marks x 5 (25 marks)

(a) (i) Electron-deficient molecules can accept an electron pair from a molecule bearing
a lone pair electron. e.g. BeCl,, BF,, AICI,

(ii) Types of chemical bonding depends on the types of elements (metals or
nonmetals).
(iii) London dispersion forces can be found in all substances.

(b) (i) The brighter the light, the faster is the reaction. If the intensity of light (visible
or ultraviolet) is greater, the more reactant molecules gain the required energy
(activation energy) and the faster the reaction speed. (or)

H,(g) + Cl(g) — 2HCl(g) slow
H,(g) + CL(g) 1Y 2HCl(g)
(i) Volume of HO =40cm*=40g

AT=T,-T,=205°C-22.0°C=-15°C

c=4.18Jg'eC!

q=mMCAT=40gx 4.18 J g* x °C* x (- 1.5 °C) = - 250.8 J

Since T, < T, the energy is absorbed. The reaction is endothermic and AH is

positive. (or) AH =+ 250.8 J =+ 251 J

2A(aq) — 4B(aq) + C(aq)

Att =0, [Alp = 2.00 mol dm, At t = 120, [A]; = 1.76 mol dm?

fast

(c) (i)

= |
A[A] = [A]; - [Alg = (1.76 - 2.00) mol dm™ = - 0.24 mol dm™

1, AA]L 1, [-024moldm® | - 1.0 % 10° mol dm™ s
2 2 | 120s
(ii) (A) Heterogeneous because the reactants and products of chemical equilibrium

are present in more than one phase.
(B) Homogeneous because the reactants and products of chemical equilibrium
are all in a single phase.
(d) (i) PETE/PET = polyethene/polyethylene terephthalate
HDPE = high density polyethylene/polyethene
PP = polypropylene/polypropene

(ii) Biodegradable plastics are made from monomers derived directly from plant
materials, polylactic (PLA).

(iii) Corrosive hydrogen chloride gas/HCl gas is produced during the combustion of
PVC.

(e) (i) From fertilizer runoff and from sewage cause excessive growth of algae.

(ii) Green technology is an environmentally friendly technology that builds products
and systems to conserve natural resources and the environment.

(iii) Persistent organic pollutants are chemically stable, remain intact in the
environment for long periods and are lipophilic in nature. Therefore, they
accumulate in the fatty tissue of living organisms and reside for a longer period
of time finally affecting humans and wildlife.

OR
(e) (i) The fissile heavy atoms are #**U, 25U, #*Pu.

(ii) Caesium-137 is used as a tracer in medical radiation therapy devices for treating
cancer, and in industrial gauges that detect the flow of liquid through pipes.

(iii) The advantages of using plant-based insecticidal soap in that they leave no
nasty residue, are non-toxic to animals and birds, and do not harm beneficial
insects.

5. Each 5 marks x 3 (15 marks)
(a) (i) The divalent ions of Co*, Ni*, Cu®* and Zn* are poor reducing agents because
of their greater nuclear attraction force.

(ii) Substances that are attracted very strongly by the applied magnetic field.

e.g. iron, cobalt, and nickel
(iii) Vanadium is used for the Contact process
(b) (i) Infrared spectroscopy/IR spectroscopy is used to identify the functional groups
of organic compounds.

(ii) Fehling’s solution is an alkaline solution containing copper(ll) ions. When the
clear blue Fehling’s solution is warmed with an aldehyde, the reddish-brown
precipitate is formed. However, a ketone does not give precipitate with Fehling’s

rate =

solution.
i) W,
N
s
ON
(c) (i) v conjugate pair v

H,O(l) + HO() === H,0" (aq)+ OH (aq)

base 2
Ccomjugate pan

acd | acid 2 base |
(or)
The acid-base conjugate pairs are (1) H,0 (acid) and OH- (base) and (2) H,O*
(acid) and H,0 (base).
(ii) [H*] =1.2 x 10 mol dm-® [H*][OH] = 1.0 x 10°%

[OH]= 1-9[;75‘;“ - llg*li%:‘ =8.33 x 10™ mol dm™
LXK

pH = - log[H'] =- log (1.2 x 10%) = 3.921
The solution is acidic.
OR
(c) (i) The corresponding conjugate acids are NH,, NHj, and CH,COOH.
(ii) HCOONa(agq) — Na*(aq) + HCOO(aq)
HCOOH(aq) = H¥(ag) + HCOO(aq)
[HCOOH] = 0.10 mol dm™
[HCOONa] = [HCOO] = 0.01 mol dm™*

% :Hi&{lgjo%%(]l] -log K, = -log [H'] —logt%l}]—
pK, =pH- Iog[g%% pH = pK_ + log Eg:—%%:s.s— 1-28
6. Each 5 marks x 3 (15 marks)
(a) (i) Secondary alcohol can be used to prepare propanone.
K,Cr,0,. H
CH3;CHOHCH; + [0O] —2—2;74- CH;COCH; + HO

2-propanol propanone
- Acetone is used as an effective solvent in many (nail polish removers, plastic

cements), (resins and varnishes).

(i) (A) (B)

T i)
CH3$CHZC—H OH-CHZ-CHZ-CI‘,—C—OH
CH; CH;
OR 030340 Jo 53
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(a) (i) (A) methanoic acid and butanol s@sﬁq@@a?mon? qo.cog:nsmostﬂm@oggawog Gwsmqo']mwu Grade 12 eoo?eos
H,S04 @g:@ o:::-z?o? :339§ (a)a@ rﬁa mooeusmooaqoq :-raaqa (o}a@ 3208 co =) ebcieppleplyetitel 309
HCOOH +  C4HoOH HCOOC + H,O 0
st e bill;la,;lol butyl m:tIlrllganoate 2 ‘?:)'mpu_?)afmcﬁnglé"afemma 301000590303 mﬁewooa@&mocwé@@(ﬁm(ﬁu

(B) propanoic acid and propanol

H,SO
—2—3= CH;CH,COOC3;H;+ H,O
propyl propanoate

CH;CH,COOH + C;H,0H

propanoic acid propanol

(ii) The boiling point of ether is much lower than alcohol of similar molecular mass
because of no intermolecular hydrogen bonding between ether molecules.

(b) (i) The transition metal compounds can form coloured ions in an aqueous solution
due to the presence of incomplete 4 orbitals or the presence of unpaired electrons
and absorb visible lights.

(ii) The metallic properties of the transition elements are: malleability, ductility,
metallic lustre and high tensile strength.
(iii) The highest possible oxidation state of 3d transition series is Manganese (Mn).

(c) (i) 2Cl(g)+2H,0(g) = 4HCl(g) + O,(g) AH = (+)

The forward reaction is an endothermic (heat absorbing) reaction and the reverse

reaction is an exothermic (heat evolving) reaction. According to Le Chatelier’s

principle, increasing the temperature favours the endothermic reaction. The
equilibrium shifts from left to right, and more concentration of HCl will be formed
and the temperature will have to be increased.

[H,S] = 0.184 mol dm?, [S,] = 0.054 mol dm?, K.,=2.270 x 107

2HS(g) = 2H(g) + S,g)

[H,)[S,]

Keq = [H S]z [1-12]2 o

2570 x10% x (0.184)"
0.054

=40.1423 x 1072 =0.0377 mol dm?

7. Each 5 marks x 3
(a) (i)

(i)

K, x [HSF
S.]

[H,J = =0.1423 x 10?

(Hy]
(15 marks)
/ \

<109.5°
bent/V-shaped

H—O—H

OR

It consists of 4 electron pairs around the central atom O. The geometry of
electron pairs is tetrahedral. There are two lone pairs on the oxygen atom.
Because of electron pair repulsion between these lone pairs and bonding pair,
the shape of the molecule is bent structure or V shape. The bond angle of H-O-H
is less than 109.5¢,

Graphite has a layer and planar structure formed by joining each carbon atom
to the other three carbon atoms by covalent bonds. Each layer is formed with
hexagonal rings of carbon atoms.

OR
:F—P—F:

(ii)

F:
BF, is a trigonal planar structure (symmetrical arrangement) which has no dipole
moment.
PF, is a pyramidal structure because of the lone pair on the central atom. It has
a dipole moment. Therefore, X is a phosphorus.
(1) the first molecule has hydrogen attached to a high electronegativity atom
(F, 0 or N) and (2) the second molecule possesses a lone pair of electrons on a
small highly electronegative atom (F, O, or N).
(b) (i) H

(i)

H—C—H + —_ = +2 oJeg
B b wow o-co@ + 2 O

H H
H

AH for bond broken = 4E(C-H) + 2(E(0=0))

=4 x (+410 kJ mol™) + 2 (+496 kJ mol?) = + 2632 kJ
AH for bond formed = - 2E(C=0) + -2(2E(O-H))

= (- 2 x 805 kJ mol™) + (-4 x 465 kJ mol™) = -3470 kJ

AH_= enthalpy change for bond broken + enthalpy change for bond formed
= 2632 + (- 3470) = - 838 kJ mol™*

(ii) Hess’s Law: The enthalpy change for a chemical reaction is the same, whenever
the route is taken from reactants to products.

(c) (i) Repeating unit of terylene
g %

—(C—w—-—(C-0—=—0—

(ii) In amide, medium and weak peaks at about 3300 - 3500 cm™ would be observed
for the NH, group. A strong and sharp peak at about 1650 - 1750 cm™ would be
observed for the C=0 group.

(iii) Primary amines are more soluble in water than secondary and tertiary amines
because more hydrogen bonds are formed in primary amines.
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29§:03056(gad003 (03p5(5E:320:(§¢ Chapter 1 Chemical Bonding and Intermolecular
Forces 20Ca§:00¢ SECTION 1.1 1.5 3208 caaoo(8: c[gadaeoo cerg§iac ae(ggpioooayé
G8SloseS

sstﬁoofaqpsse@o: bond @590&{3&@5 molecular structures and shapes Gogff:)o'l
B§&Ee0q§ 323J0503 6u5[ge00o:(§: capanwoSaniconicecddlonui

33800:00%@ qﬁnmemo Lewis structure ecr:)o:rcw& unshared paired electrons sogo%
[§p80&[gE:300305 molecule €|, element o3&:cn octet rule 63c30555(8: [gpSqepS(gdcloopd
(H, 006003 2 electrons O share o.?oo'}aéu)
Valence Shell Electron Pair Repulsion (VSEPR) theory

VSEPR 2333§ 3¢ shape 03 9§6§:8320305 - molecule ¢, Lewis’s structure 03 sgcli
Central atom 03 0$=€1e§0'} electron pair n% qugn%d]u Electron pair €1_ geometry 0% gpegtﬂn
6§20590:3250590 Molecular Shapes 03 2§ ¢§:c65(ge0:&Eeo(gdoloopdi
Table Geometry of Electron Pairs and Molecular Shapes of Different Types of Molecules

Number of
bonding pairs
Type and lone pairs e?;;?;itwa?:s Molecular shape Example
around the P
central atom
180°
AX, 2,0 Linear x AN BeCl,, CO
linear
X
I 120°l/’|
riangular planar
AX 3,0 : A BF
3 2 t [ pl 3
(trigonal planar) X/ N
triangular planar
A
. "
AXE 21 triangular planar L:‘f\ X 0
2 2 (trigonal planar) 2
<120°
bent/V-shaped
|3109.5°
AX, 4,0 tetrahedral X\\u\y“A\ o | cHocel
tetrahedral
\\\\‘?A
AX.E 3,1 tetrahedral < NH,
<109.5
trigonal pyramidal
N
X
AX,E 2,2 tetrahedral X AT H,0
272 <109.5 2
bent/V-shaped

Note: Symbol E represents the number of lone pairs of electrons.

Chapter 2 Energy Changes in Chemical Reactions go-
gS:38e[goé:ad(gé:el coconoomepiqpideaon energy transformation, Law of conser-
vation of energy, Chemical energy 93:13(!3;5533@ 2060 qmméooyeéa&ﬂm

egogoqace.gq» & Ge.g§> 3qp:03 6[gad&EepS(govlorddi 9300@_@(: 1000962 6205(gogpS:
P8, ©205(gdogpdegpse, chemical energy (§ozgozemncs ge.:mcogmcgm@c.i ogoop@c.oo;
G@g&mgeog @éconocoontﬁn

[gEogéezalensd ecdaadea006205(g|gE: [gEugsimadeusy ea03(g|gs(ydeol[gls s3c3
020006027 spontaneous §¢ non-spontaneous reaction 03&) 206o000epHgp: 33§ coox{ogaeud

0205(g|[3¢:(gde0les03 $0500503 system (0§6)i GE:4805es03326p03 surroundings
[o%:oq;é)o% wo%sfogo']mogn Reaction @5o§§050u3 system meg surroundings oo:ﬁo%
208:00:00050905qE exothermic reaction c3eal[G: surroundings 90500 300300006
ndgpS:a0t(g¢ Qc02q0) reaction Gogod endothermic reaction o 20059056
8§ oo:699 [gdclonudu

3“6@963(\3?6@96 Q'JUSQ)EC:@O'SGO')’JO%BS:I mo%@é:@éco@gqu:?éaﬁésmﬁ
0gr4p: 645 E:000568 03 (0)0803 cud(geoicosecdl Bugodj: AR08 § oo
con:60030l0o

Is this reaction exothermic or endothermic? 2H,(g) + 0,(g) — 2H,0 (1)

Given: energy required to break 1 mol of 0=0 bonds = 496 kJ

energy required to break 1 mol of H-H bonds = 436 kJ

energy required to form 1 mol of O-H bonds = 465 kJ

0205(g|[38:qp2e0 306(goEs05 0800388 Eca0n thermochemical equation gpza? eqp&E
9§ c360lonudi Thermochemical equation gps

(i) C(graphite) + O,(g) — CO,(g)

(ii) CH,(g) + 20,(g) — CO,(g) + 2H,0()

Al = - 394 kJ mol?
Al = - 891 kJ mol?

0240340 | %
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(iii) C,H,OH(1) + 30,(g) — 2€O,(g) + 3H.0() AH; = - 1367 kJ mol*
(iv) 2C(graphite) + 3H,(g) + %20,(g) — C,H,OH(l) AHY'= - 235 kJ mol™
(v) Na(s) + C(graphite) + ¥2H,(g) + 3/20,(g) — NaHCO,(s) AH;=- 951 kJ mol™
(360gp(09p5:4p: enthalpy 02§3:03 305§ 0dec3EiomEEavsnj calorimeter o3 32a54(g(§:
AT 0288208 03¢:0708E0lonuSi BBeandsoé q = meAT p8g(gca3 303:(q)) (Enthalpy
Change) 03 03053j058E&¢5 [gdclonudi se8o6(gsdan3 [03pdg&Eclonudi
Enthalpy cycle s3Cep 0@oeog03093|056p¢o enthalpy change of formation §, enthalpy
change of combustion 03¢aR0509q030gre0RMBVRS: Gadenyayaontadaadalonadi
0@P0R035|06pen physical states g2 306(go:cd(gE:a8Eqpaoendongp:4, units coan3copd:
9§ 0§826E202:8EE caomIEannzaen [gdclonudi
R0wo- Calculate the standard enthalpy change of the decomposition of calcium carbonate;
CaCo,(s) — CaO(s) + CO,(g) using the data given below.
AH{'[CaO(s)] = - 636 kJ mol™ AH{[CO,(g)] = - 394 kJ mol*
AH{ [CaCO,(s)] = - 1207 kJ mol™!

(_(] (% ,—- Cal) (s) + (_{) IL.'P

AHI[CaCO, (s 1|\

Lu s) + C (graphite) + 'f-H Iul

/11 [Ca (s)]+ AH [CO,(g))
- Route ]

........ Route

By using Hess’s law, Route | = Route Il
AH/[CacO,(s)] + AH,= AH[[CaO(s)] + AH;[CO,(g)]
(-1207) + AH.'=(-636) + (- 394)
AH= + 177 kJ mol™
Chemical Bond 056903(go58 536wr05 chemical bond 0385(gdecld Badopgdiméal
bond energy o86w05 bond enthalpy o§ esldlonud oeobonameo; E [§dclonuSn Bond
breaking 33030'3 E oo%t%:n% plus q‘: GG’S@@: bond making 390305 minus § Gog@d]m(ﬁu
Chemical bond 08330305 620505 [JoSe02905(gé:8, (§6eol[gésodzacgnd cda803
energy 0eoanaRp3(B conpanosn§ 0y Eonod (goengots Bg§cdolonudi capayéadiogogp:
cam§oooz(ogal
Chapter 3 Chemical Kinetics: Rates of Reaction ¢ocoop chemical reaction méa@a
reactant ooeg product 33@5@@35 mmsaa'} C&EOROY GB’JE} mgﬁpoc% @a?aoq)oota@ﬁ mﬁg
C\)é ?l{;lm{ﬁ!l g(\%C\)Ui{J G@O& (0&?80308 33#@%@0085)008056&0%(‘80861(3 ig 9%0)')61?[(\73
cleuSn Dynamite colodap(gCa mentaaeogp: 0GBs(gEn 2deqzon0d(gEs cogpaddtenypaiooo:
g2 030500:36[3E:603020 00§ 82064 8600000T0§[3020p53508 308:08:e003(g[gdyo:
(0302203 603, q92(gdlorudi 205(gja§2e¢ 2005a8E20p8 pLE2VEIGP:EE GoroyEasigp:ad
oR5a0:6003CloopSi
goeo- When the following reaction of zinc and dilute hydrochloric acid takes place, 30 g
of zinc has been used up after 2 min. Calculate the rate of the reaction in terms of
the mol per second.
(Zn = 65.38)
Zn(s) + 2 HCl(aq) — ZnCl,(aq) + H,(g)

1 mol

mol of Zn=30 g x 3 =0.46 mol
g

reaction time (in seconds)t=2 x60=120s

_ mol of Zn used _ 0.46 mol
time 120 s
The rate of reaction is 0.004 mol s*

Qecod¢amg]:qje reaction rate o3 ogcﬁqo%%&moe rate &, units Gogud> mass per time,

volume per time, concentration per time s3(Gs sa4jjq: (§08Cclonudi Rate of reaction o3
20§pspd: %G@%Bspcjao reactant 0335¢(35¢/¢ 32g]§§ c305(: concentration cogpepS:ogoon
(§6c3 minus sign § GG%@GPDC& product 03 36(33qC¢ 324]§4.0305(G: concentration gp:

Q2029[gde3 plus sign §, 663(goro0d mﬂq@p@wd]moou Calculation o 3200:20(g¢ minus
sign 03 copdagdiopadglodq$ cdambae(gnds B sotcopSeclecdi

Chapter 4, Chemical Equilibrium O‘DOS@HG@ "’3 GQ;C\)’JQQJE- 32PEPUD 00500'338'):900%@[
(3&: (one-way process) [§So5qp:(g[m3(3: 32q],c0e027 32(g§ 30y §6005(g|[5E: (reversible
reaction) cop [§{c30lonudn 338e005(g[gEse0p¢o forward §, reverse reaction cogoloces(Ge
&{go0psd34, a§:603 0ppdag0:03323 gje(g (equilibrium) o3 sepad§olosuSi 38gjefgeo
forward reaction §, reverse reaction 6oL 80§ (30§05 capdcRadieans, soadwNd

=0.004 mol s

[y Q . s . Q < < ¢
(§0go:e4c3 dynamic equilibrium o3 aoo5¢oSeslealclonadi
Reactions Gope), physical states Gogaae) 028200:00p5:4/6(54¢ 026200100520 0054)6(3
~ g P c C c c +] \
homogeneous §, heterogeneous equilibria coga3 20059056 65(gododaeudn 301§ 832024,
lo€aB&ie(gocacd(géiecym gle(gmec] aoadeqpadegp:ad 2§68:peo Le Chatelier's
Principle u22 3308§333§):0501mu§rl
Concentration effect, Pressure effect or Temperature effect 005?9153303 msesgasogfﬁ
60p02002:6003Cl0n0SH 200566p05ead98a005 guedgp caymGasiepias c(gade
480303 eagao(Gie(gadonodcoq§ [gdolonudi
Le Chatelier’s Principle 08 005¢cobe§ie0p¢0 303:(g|[gEa00905 goen- ammonia §&
. o 00 ¢ < e [+ o ¢ 00 <
methanol production gp:03 33§e0q$ giefgmes(ys cud(gevion:anad 3620:805 23§ s:0pS
coa3dlonudi
Homogeneous § Heterogeneous equation q:320305 equilibrium constant K, 0§ 8:qp203

Gq:wasc;(sg@mcqu]eu%u Chemical equilibrium o’)&:l)sl we@o%@:e:n K, n% molar concen-
tration =2:[g¢ K_ & gaseous equilibrium 320305 K 020[g¢ ced(geo:oncdqeps(ys(3:
20053 Eepogogpiadaop ¢[ggEiozadqiadaonteaadolonadi
Chapter (5) Acid-Base Reactions [§oloooSi Acids and bases theories (9) 903 03¢[gogozen
(§8loouSi Arrhenius Theory 2005 H* ions & OH- ions gp:a3 326(35¢) acid-base 033289205
wo%?o%mozc@ac :D°° 8aa0lonud Strong acid ?? weak acid 5‘1 dissociation equation
03 e8§mégo Gao0o: es%@mo%qtfo@cﬁo']m&u Brgnsted and Lowry Theory saqadoyé
proton 5360705 H* ion 60:&EeI c0n358Ew03 326(gd¢) 38¢grudgEadaonie[gnts 33§8 c33ad
0loaSi Brgnsted and Lowry Theory o3 326[336) The concept of conjugated acid-base
pairs o%ml:)_.g‘: 809’3@9:{.& 398(3305ﬂ§:m5:030%q§0$0103u3u Lewis acid-base theory
92607 acid-base 380503 cedcday|: 336105 ions Gul§ & pair cn35&EeI wode0:CH
3[gé 328youda05¢90560:000:0lonudH

cqeedc8o)B03(88: §¢ PH cud(ygiodeo cq[Gjo36(gde! The ionic product of water
constant (K ) 0p050003(gEi pH and pOH relationship £ pH scale 6303 g:coé:goasd{geoicon:

(82 sond0deeigdiepiod 9§mdgn c(gadonodaeud ugRM5RINben3c0pS: BR0EecmPBeogd

CDG%@[GG)(\%&O’JQ%II
e.g. Calculate the pH of an aqueous solution containing 7.3 g HCl per dm?®.
(H=1, Cl=355)
Answer: molar mass of HCl = 1+ 35.5= 36.5 g mol™
mol of HCl = 36—;;5 o1 ~02mol,  [HCl) = 020l—0.2 mol dur-3
HCl(aq) —  H*(aq) + Cl(aq)

0.2 mol dm™ 0.2 mol dm™
pH = - log [H*] = - log 0.2 = 0.699

aBe§005 acid ePapdi base eqSqpSoleN§|n3¢ ionisation mac(ogo:ad oparoepS
3olon basicity of an acid §, acidity of a base a::eooaoosp qp2o3 rﬂé 200€:00¢(g&EE B30
U‘]O'Joou Acid [9[08(9]6 @lcro)@c mqa 1620 K, §9 acid @c Fo08 aomogooe 3200230 base
Blozeni€ [Biog(gE:aBstem K, s0050305q105¢p:03 BoggresS(gevtoradeeps @wo'loomn

aoa:aaeﬂpaam‘ (5) eﬁ @@0;) strong acid and strong base, strong acid and weak base,
weak acid and strong base 4G weak acid and weak base 036 s003603 G63C¢:(§|3[5E:([yo0pas
pHo288: voppdaopma(oodiaieagnd sonsesoqpes, Fogjiaac(ngo:s00300 6lgadorod
8 oBaad0lonudi

Buffer cqpdqpSadonom weak acid ¢ GE:elsonieqdepd o8ewnod weak base §¢ gzel
s016qPapS03 vloceaneqpapdaegjaeen: (goolorudi cdeqpapSgp:el aa0g30p5
dilution co5(gEs1 acid 3360705 base 34 pSscudood00pg(gE:(ge pH 6[goEicdn0d 1n§,092:88
coclooudi Buffer solution 3j:302: () §f:6¢ 6E:03@N pH range 030l cuS[geozconzdlonadi
2400520056200 0R055|05eqP:aBcopd: [gpddgoearm ¢ aoniangalorad

Chapter 6 0o Transition Elements 60303 6aga0o¢s(gdclooddi

IUPAC definition 26 d-orbitals or subshells gpzopc & aa(gpd(gpdoooot(gcs egeann
(360305006 2361905 620583B3EUR§:4p:03 (030005360 gp: (transition elements) vy
20059058 clondi Transition elements Gogo3 s-block §¢ p-block (030203¢ cop §¢(8:
d-block elements U?(\)é: GaTa%o']muSu sacqéoﬂ@mo:oaé transition elements qp:o%
Series 9 & §000:00pIB§OS VOL Series O3 GaYEVPY(gESlonVSI vooe Series (,Sc-
,,Zn) 03¢ transition elements 50 9 Glo€olonudi Bgoet (00) 93305 BeoMdEES(GUles:gs:
§9§23203C2 GaR2002:60c3Clonudi

Chapter 7 Chemistry and Green Environment 4o c0g20050§:03C@60l 20056qpade-
NIBNEO0D! 660086 6[§o0p8po6:00308 soparnep 3adgdcloncdi gle(ogod wemsss
9 carbon, nitrogen, phosphorus e;(? sulphurcogs‘l_ biogeochemical cycles qp:o% agg’ﬁosmé
00218 c3aadolonudi g cycles gpiaacol human activities cope|, 205espadggpaacol
§2:00p000088c33a00lon0di Wwaeop (3646103 environmental problems o3 13 Sclond
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§, 0C:03§,[36e0lCie0um0 CRo203EN Myi§tedGaa¢ VO30 EeUl KB0d9eop03
6203)pg233002:662(gSlonudi

POBp06:60620000050gp5:9p2e¢ 0050§:07CaEC0dEEPSEO303c5: heavy metals
(arsenic, cadmium, lead, and mercury)@é oqmggl@oco'lc g mmsspm{.cgrﬁ Gm@
coz00:0lor05n Bea(gE Grooodes0s 9303@5 tqp: 16{030¢ 200090005042 q&mono%cqxﬁ
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po0:60R¢|, MYY§teneaa¢000d0simqEaRedl GEio3el oSeqpadeqpiod vo5eod
§o300p5 000860

2099004¢ 02 0050§:07E4pie cgodedluoeonn radiation (620566pE[Rd) 8¢ cvvuod0E:
oqjéﬁ radioactive isotopes sogﬁ_aaa’g:o&?l radioactive wastes and radioactivity, radioactive
pollutants and pollution qpsooé :)omooUSO%%CQJE‘mcontﬁcepo%gc@o@@ésa%gsmo
oR§eoeez(gacgoeagn? B gorcopSconieacdclonudi gljorcdiuangsiaadas gjoncSioo:
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