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 Grade: Excellence  

 For Excellence, the student needs to demonstrate understanding of chemical 

processes in the world around us. 

 

This involves producing evidence that shows linking together of the chemical 

reactions and principles involved in the chemical processes, and the effect that this 

has on people and/or the environment. 

 

The student needs to produce evidence that elaborates on the links between the 

chemical processes and the impact on people and/or the environment. This also 

requires the integration of chemistry vocabulary, symbol, conventions, and 

equations to help support the chemical reactions and their effects. 

 

This student has elaborated on the chemical processes involved in the acidification 

of oceans by linking the increase of carbon dioxide to the change in pH (1) of the 

ocean, and the effect that this has on the ocean environment (2). The student has 

also linked the principles of buffer solutions to the oceans ability to stabilise acidity in 

the past (3) and how the current conditions are affecting the ability of the ocean’s 

buffering system (4). 

 

The student has provided evidence of consistently integrating chemistry vocabulary, 

symbols, conventions, and equations to help support the reactions and principles of 

ocean acidification. 
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The net reaction for the chemical process of ocean acidification is shown by 

the following equation: 

CO2 (aq) + H2O(l) + CO3
2-

 (aq) → 2HCO3
-
(aq) 

This reaction can be broken down into smaller, more specific reactions, allowing greater understanding into 

the issues and processes of ocean acidification, and therefore a better array of knowledge as to how its 

effects can be eliminated or reduced.  

 

CO2 (g) ⇌ CO2 (aq) 

The first reaction taking place is the absorption of the carbon dioxide in the atmosphere into the ocean 

waters. Of the world’s carbon dioxide, approximately 93% is stored within the oceans inside algae, 

vegetation and coral, thus the ocean is named the world’s largest ‘carbon sink’, and of the carbon dioxide 

released due to human activities over one third is absorbed into the oceans, though exact values vary 

depending on the source. In this reaction, the carbon dioxide is shifting from its natural gaseous state to an 

aqueous state, as it does during the absorption process of the carbon dioxide. This change occurs due to 

the natural strive for equal conditions of carbon dioxide between the atmosphere and oceans and is 

therefore an equilibrium reaction, sometimes requiring centuries or millennia to come into solubility 

equilibrium with the entire ocean. 

 

CO2 (aq) + H2O(l) ⇌ H2CO3 (aq) 

The second reaction taking place is the now aqueous carbon dioxide reacting with water in an equilibrium 

reaction to form carbonic acid. Now dissolved, the carbon dioxide (CO2) rapidly reacts with water forming 

carbonic acid (H2CO3), as well as further acid-base and ionic solubility reactions. 

 

H2CO3 (aq) ⇌ HCO3
-
(aq) + H+

(aq) 

The third reaction taking place is the dissociation of the carbonic acid into bicarbonate ions (HCO3
-) and 

hydrogen ions (H+). The hydrogen ions are acidic, which therefore directly contributes to the lowering of the 

ocean’s pH, while the bicarbonate ions are basic. In this reaction, the equation favours the products, due to 

the continuing excess concentrations of hydrogen ions. 

 

H+
(aq) + CO3

2-
 (aq) ⇌ 2HCO3

-
 (aq) 

The next reaction taking place is the reacting of a number of the hydrogen ions produced in the previous 

reaction with basic carbonate ions (CO3
-2) to form more basic bicarbonate ions. The carbonate ions are 

available for the hydrogen ions to react with as they naturally saturate saline water. As seen in a typical 

acid-base reaction, the acidic hydrogen  donates as opposed to accepting, and in this specific reaction it’s 

only the H+ atom being donated to the basic carbonate ion. In this reaction, the equilibrium favours the 

product as the excess hydrogen ions react with the carbonate ions to form increased concentrations of 

product, bicarbonate ions (HCO3
-).  

 

CaCO3 (s) + 2H+
(aq) → Ca2+

(aq) + CO2 (aq) + H2O(l)  

Another reaction that may be of significance is the reaction between calcium carbonate and acidic hydrogen 

ions. The calcium carbonate reacts with the acidic hydrogen ions to produce carbon dioxide gas, as well as 

aqueous water and calcium ions.  

 

For the last several hundred thousand years, the oceans have been kept at a relatively stable and slightly 

alkaline (≅8.2) state due to the carbonate buffer system. This is a series of reactions, in which dissolved 

carbon dioxide is converted to bicarbonate using carbonate as a buffer, therefore having kept the level of 

hydrogen ions, and therefore the pH, constant. The chemical reactions that form bicarbonate, carbonate 

and calcium carbonate are equilibrium reactions, as they can favour either the products or reactants 

depending on conditions such as increases or decreases of carbon dioxide, pressure and temperature. 

Under normal physical and biological conditions, the carbonate-bicarbonate ions act as a ‘bank’ that 

automatically takes up excess carbonic acid or other acids, or forms more carbonic acid if carbon dioxide is 

lost. This is the buffer system that maintains the normal pH of saline water at approximately 8.2 (a buffer 

solution resists changes in pH when acid or alkali is added). Bicarbonate (HCO3-) is the most important in 
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maintaining this normal range, as its production leads to a further uptake of carbon dioxide. Thus, the 

carbonic acid/carbonate equilibrium determines the amount of free protons in the saline water, and by 

extension the pH value. Calcium (Ca2+) is also an important element presence in saline water and this 

system, and is imperative for building strong coral skeletons, mollusc shells and algal support, alongside 

various other biological uses. As the calcium carbonate (CaCO3) is removed from saline water by biological 

and chemical processes, more bicarbonate ions form from carbonate and more carbon dioxide is absorbed 

into the buffer system, so the pH remains fairly constant. In the ocean, carbon dioxide enters the system 

through water runoff from the land and through areas with high biological activity, where it then accumulates 

in the ocean depths before being released back into the atmosphere in areas where deep sea waters well 

upwards towards the surface (upwelling). The bicarbonate/carbonate buffer system equilibrates backwards 

and forwards, though the pH remains relatively constant.  

 

If the amount of carbon dioxide in the atmosphere stabilises, eventually buffering/neutralising will return the 

pH to normal as demonstrated in the past, where periods of highly elevated carbon dioxide showed no 

evidence of ocean acidification as the rate of carbon increase was slower, thus allowing the oceans time to 

buffer and adapt. However, presently the rate of carbon increase is too rapid, and the pH is dropping too 

quickly, meaning the buffering will take hundreds, if not thousands of years, far too long for the oceans 

organisms affected now and indeed in the near future. The pH of the ocean fluctuates within limits as a 

result of natural processes; meaning ocean organisms are well adapted to survive the changes they 

normally experience. Therefore although some organisms may be able to adapt to more extreme changes, 

many will suffer and there are likely to be extinctions. A more acidic ocean won’t destroy all marine life, but 

the rise in seawater acidity of 30% that has recently been recorded is already affecting organisms. The 

average pH of the surface waters is currently 8.1, approximately 0.1 pH unit less than the estimated pre-

industrial value two hundred years prior. The present changes in the pH of the ocean’s saline water has 

been shown to be having harmful effects on all manner of marine life, impacting processes vital to survival 

such as chemical communication, reproduction, and growth. 

 

The building of skeletons/shells in marine creatures is particularly sensitive to acidity. One of the molecules 

that hydrogen ions (H+) bond with is carbonate (CO3
-2), a primary component of calcium carbonate (CaCO3) 

shells. In order to make calcium carbonate, shell-building marine organisms such as corals and oysters 

combine calcium ions (Ca2+) with carbonate (CO3
-2) from surrounding saline water, producing carbon 

dioxide and water as by-products of the process.  

Similarly to calcium ions, hydrogen ions tend to bond with carbonate, though they have a greater attraction 

to carbonate than calcium. When two hydrogens bond with carbonate, a bicarbonate ion (2HCO3-) is 

formed. However, shell-building organisms cannot extract the carbonate ions they need from bicarbonate, 

thus preventing them from using that carbonate to grow new shells. It is in this way hydrogen essentially 

binds up the carbonate ions, making it harder for organisms like mussels and oysters to build their homes. 

Even if the organisms manage to build skeletons in more acidic water, they need to spend more energy in 

order to do so, thus taking resources from other activities like reproduction. If there is an excess of 

hydrogen ions around them and not enough carbonate ions for them to bond with, the H+ ions can even 

begin breaking existing calcium carbonate (CaCO3) molecules apart, dissolving shells that already exist. 

Hydrogen ions also react with the carbonate ions in the ocean, removing it and thus under saturating the 

water. This causes the shells to dissolve back into carbonate ions in order to re saturate the oceans, re-

establishing equilibrium:  

CaCO3 (s) ⇌ Ca2+
(aq) + CO3

-2
 (aq). The dissolution is necessary as the carbonate ions are bonding to the 

hydrogen ions, and thus forming bicarbonate, not only removing the carbonate from the oceans but 

rendering it inaccessible to all manner of shell-building organisms who are unable to extract the carbonate 

they need from bicarbonate ions. This is just one example of how extra hydrogen ions, caused by dissolving 

carbon dioxide, may interfere within the ocean.  
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 Grade Boundary: High Merit 

 For Merit, the student needs to demonstrate in-depth understanding of chemical 
processes in the world around us. 
 

This involves making and explaining links between chemical processes, and the 

consequences of the chemical processes for the environment or people. This 

requires explanations that integrate chemistry vocabulary, symbols, conventions, 

and equations. 

 

This student has used chemical equations and vocabulary to explain how cyanide is 

used in the chemical process of gold extraction (1), to explain how the use of 

cyanide in this chemical process affects the environment (2), and to explain the 

chemical processes that are used to treat cyanide by-products of the extraction 

process (3). 

 

The student has begun to link together the key chemical reactions and conditions 

involved in the chemical process involved in the extraction of gold. The impact of 

gold extraction on the environment is explained and there is some integration of 

chemistry vocabulary, symbols, conventions, and equations. 

 

This evidence does not reach Excellence because the impact of the chemical 

processes need to be linked to the reactions that are taking place, with further 

elaboration of the links between the chemical processes and their consequences on 

people and/or the environment.  
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Extraction of gold using cyanide 

Gold is found in very low concentrations in the ore from which it is 

mined. To collect the gold from the ore it needs to be separated from the other minerals in 

the ore. To do this the gold needs to be made into a soluble form so that it can be separated 

from the other minerals as gold is insoluble. To make gold soluble sodium cyanide (NaCN) is 

added and the cyanide ion forms a complex ion with the gold. This complex ion, [Au(CN)2]-, 

is readily soluble. 

Issues of gold extraction using cyanide: 

Cyanide is toxic to humans and may cause death if exposed to high enough doses. Liquid or 

gaseous hydrogen cyanide, as well as salts of cyanide can enter the body through inhalation, 

ingestion or absorption through the eyes and skin. 

The Absorption causes asphyxiation. They affect an enzyme which means that cells within 

the body cannot use oxygen and so suffer cellular asphyxiation. As a result death occurs. 

Because of this the cyanide slurry that is left after the gold has been refined must be dealt 

with or else it can enter waterways where it is poisonous as described above. There are a 

number of ways of dealing with the cyanide tailings (slurry after it has been used and is ready 

to be destroyed or reused). The diagram below shows how the processes that occur when 

the tailings are poured into a decant pond. 

 

 
The natural processes occurring in the diagram include: 

1. The cyanide ion reacts with sulphur forming thiocynate ion. 

2. Bacteria breakdown the cyanide and in doing so form nitrate ions. 

3. Cyanide is oxidised to form cyanate ions (OCN-) and ammonia. 

4. The cyanide forms metal complexes with iron for example. These complexes are stable and 

do not affect the enzyme which allows cells to use oxygen in the bloodstream. 

5. Anaerobic bacteria convert the cyanide to form ammonia and carbon dioxide. 

6. UV light causes iron cyano complexes to break down. 

7. Hydrolysis occurs forming HCN. 
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8. Volitisation occurs. If the pond is not basic the cyanide ions are converted to HCN in the 

equilibrium explained below. HCN is very volatile meaning that it becomes gaseous and 

escapes the pond. To enhance this process shallow ponds with a large surface area are used. 

It has been shown by testing in the tailings under drainage that the levels of cyanide are 

acceptable and within acceptable safety levels. 

 

The process: 

The ore is ground and crushed and any free gold is extracted by use of gravity as it may be 

too large to react readily with the cyanide. If the gold ore contains other metals and/or 

sulphide minerals it may require additional treatments prior to the leaching process. 

The treated gold then has sodium cyanide added to it and the following reaction known as 

Elsener’s equation occurs: 

4Au + 8CN- + O2 + 2H2O ⇌ 4[Au(CN)2]- + 4OH- 

The oxygen is added in the form of dissolved oxygen. This oxygen is also added as it 

oxidises some of the possible cyanide consuming species in the slurry. By lessening the 

effect of these species the leach rate of gold is sped up. 

The sodium cyanide has lime added to it so that the pH is about 10-11 so that the equilibrium 

favours the reactants side. This is due to the cyanide ion/hydrogen cyanide equilibrium 

shown below: 

CN- + H2O ⇌ HCN(aq) + OH-
(aq) 

Now the slurry is now treated with either activated carbon or zinc to extract the gold. 

For the activated carbon process the slurry is mixed with carbon which is porous and can 

absorb the gold onto its surface. The activated carbon is then removed from the slurry by 

adding NaCN and NaOH to the mixture and heating it to 110◦C. This removes the gold back 

into solution which goes through an electrolytic process (known as ‘electrowinning’) to extract 

the gold. 

For the Zinc process the slurry has Zn powder added to it and a displacement reaction 
occurs: 
2[Au(CN)2]-(aq) + Zn(s) → [Zn(CN)4]2-

(aq) + 2Au(s) 
The zinc is leached out with acids and the less reactive gold remains. 

The remaining slurry after extraction of the gold has occurred is then sent for recovery or 

destruction.  
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 Grade Boundary: Low Merit 

3. For Merit, the student needs to demonstrate in-depth understanding of chemical 
processes in the world around us. 
 
This involves making and explaining links between chemical processes, and the 
consequences of the chemical processes for the environment or people. This 
requires explanations that integrate chemistry vocabulary, symbols, conventions, 
and equations. 
 
This student has used chemical equations and vocabulary to explain how cyanide 
is used in the chemical process of gold extraction (1), explain how the use of 
cyanide in the chemical process affects the environment (2), and to briefly explain 
natural processes that are used to treat cyanide by-products of the extraction 
process (3). 
 
For a more secure Merit, the student could elaborate on the chemical processes 
for the treatment of the cyanide by-products of the extraction process (to resolve 
an issue). 
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Extraction of gold using cyanide 

Gold is found in very low concentrations in the ore from which it is 

mined. To collect the gold from the ore it needs to be separated from the other minerals in 

the ore. To do this the gold needs to be made into a soluble form so that it can be separated 

from the other minerals as gold is insoluble. To make gold soluble sodium cyanide (NaCN) is 

added and the cyanide ion forms a complex ion with the gold. This complex ion, [Au(CN)2]-, 

is readily soluble. 

Cyanide can also be found in the form of HCN (hydrogen cyanide). An equilibrium exists 

between the two as shown below: 

CN- + H2O ⇌ HCN(aq) + OH-
(aq) 

At a high pH the equilibrium is to the left and cyanide ion predominates. As the pH lowers the 

equilibrium is forced to the right and hydrogen cyanide is in higher concentrations. 

Issues of gold extraction using cyanide: 

Cyanide is toxic to humans and may cause death if exposed to high enough doses. Liquid or 

gaseous hydrogen cyanide, as well as salts of cyanide can enter the body through inhalation, 

ingestion or absorption through the eyes and skin. 

It is toxic as it prevents cells using oxygen in the bloodstream. 

 

The process: 

The ore is ground and crushed and any free gold is extracted by use of gravity as it may be 

too large to react readily with the cyanide. If the gold ore contains other metals and/or 

sulphide minerals it may require additional treatments prior to the leaching process. 

The treated gold then has sodium cyanide added to it and the following reaction known as 

Elsener’s equation occurs: 

4Au + 8CN- + O2 + 2H2O ⇌ 4[Au(CN)2]- + 4OH- 

In this form the gold is now soluble. This process is known as leaching. One form of this is 

heap leaching. In this method dilute sodium cyanide is dripped into ore stacked on an 

impermeable pad or membrane. Because the gold is now in a soluble form it can move 

through the membrane whereas the rest of the ore cannot move through the membrane. The 

sodium cyanide has lime added to it so that the pH is about 10-11 so that the equilibrium 

favours the reactants side. This ensures that the cyanide ion is not converted to hydrogen 

cyanide ion/hydrogen cyanide equilibrium. If heap leaching is not used then this process 

occurs in leaching tanks. 

Now the slurry is now treated with either activated carbon or zinc to extract the gold. 

Cementation involves using a zinc electrode in carbon paste which is immersed directly into 

the gold cyanide solution. The following reactions occur: 

Cathode: e- + [Au(CN)2]- → Au + 2CN- Gold is reduced as it is gaining electrons or  
      decreasing in oxidation number 
Anode:            Zn + 2OH- → Zn(OH)2 + 2e- Zinc is oxidised as it is losing electrons                 

   or increasing in oxidation number 
And:  Zn(OH)2 + 4CN- → Zn(CN)4

2- + 2OH-  
Note that at the anode there is an intermediate step which forms Zn(OH)2.  
The gold is then further purified and refined for use. 
 
The remaining cyanide in the tailings (slurry after gold leaching) now needs to be destroyed 

or recycled in some way. As mentioned above cyanide is toxic and cannot be allowed into 

the local environment. Until the last 20 years the main process used has been natural 

degradation. These are natural processes that include volitisation, biodegradation, oxidation, 



Exemplar for internal assessment resource Chemistry for Achievement Standard 91389 

© NZQA 2018  

and absorption onto the surfaces of solids. Absorption means attachment to solid soils, etc. 

Volitisation occurs when cyanide ions are converted to hydrogen cyanide via the cyanide/ 

hydrogen cyanide equilibrium. This hydrogen cyanide the changes to a gaseous form as it is 

volatile. A low pH is used to promote this transformation. 

More recently chemical processes that involve recycling have also been used.
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 Grade Boundary: High Achieved 

4. For Achieved, the student needs to demonstrate understanding of chemical 
processes in the world around us. 
 
This involves processing and interpreting given information to identify, describe, 
and give an account of chemical processes occurring in the natural world or 
developed in response to an issue or need. The account given must be supported 
by the use of chemistry vocabulary, symbols, conventions, and equations. 
 
This student has used chemical equations and vocabulary to describe how 
cyanide is used in the chemical process of gold extraction (1), and to give an 
account of natural and chemical processes that are used to treat cyanide by-
products of the extraction process (2). 
 
To reach Merit, the student could explain the links between the chemical 
processes and elaborate on how the process meets the needs of society or how 
the processes resolve an issue. 
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Extraction of gold using cyanide 

Gold is found in very low concentrations in the ore from which it is 

mined. To collect the gold from the ore it needs to be separated from the other minerals in 

the ore. To do this the gold needs to be made into a soluble form so that it can be separated 

from the other minerals as gold is insoluble. To make gold soluble sodium cyanide (NaCN) is 

added and the cyanide ion forms a complex ion with the gold. This complex ion, [Au(CN)2]-, 

is readily soluble. 

 

Issues of gold extraction using cyanide: 

Cyanide is toxic to animal and plant life and may cause death if exposed to high enough 

doses. Free cyanide is cyanide ion (CN-) and hydrogen cyanide (HCN) which is often 

gaseous as it is volatile. Free cyanide causes cellular asphyxiation. 

 

The process: 

The ore is ground and crushed to make a slurry 

The treated gold then has sodium cyanide added to it and the following reaction: 

Au + 2CN- → Au(CN)2
- 

In this form the gold is now soluble. This process is known as leaching. This reaction is 

normally carried out at a pH of 10-11 as this prevents cyanide ion being converted to 

hydrogen cyanide which would occur if the pH was lower.  

Because gold is soluble in this form it can now be separated from the rest of the ore that is 

insoluble. This process of dissolving the gold using cyanide is known as leaching. 

Sometimes some other precious metals can also be leached along with the gold, for example 

silver. This process of leaching is done in leaching tanks or by heap leaching where sodium 

cyanide is dripped onto a heap of gold ore and left to percolate its way through the heap of 

gold ore.  

The dissolved gold in the form of the complex now needs to be separated out and recovered. 

This can be done by a process called absorption. Absorption is when gaseous or dissolved 

species attach to a solid surface. A substance called activated carbon is used to absorb the 

gold. Activated carbon is formed from wood, peat, coal, etc. It is treated so that gold will 

absorb to its surface. The majority of the gold will absorb onto this activated carbon. The 

activated carbon is then washed with water or air on screen, and the gold can be further 

purified by electro winning which use electricity. It is then further refined until the final product 

is obtained 

The remaining cyanide in the slurry now needs to be disposed of or recycled in some way. 

As mentioned above cyanide is toxic and cannot be allowed into the local environment. 

There are a number of natural processes that get rid of cyanide. Included in this list are:   

• Volitisation – when CN- turns into HCN at low pH’s and then this becomes gaseous. 

• Absorption – when CN- naturally absorbs onto solid surfaces, e.g. soil particles. 

• Microbial degradation – some bacteria naturally break down cyanide. 

These processes can all occur in holding pools in which the slurry after gold extraction is put 

into. Some chemical processes can also be used. One of these is the Cyanisorb process 

which is used at a mine near Waihi. This takes the slurry and reacts it at low pH forming 

hydrogen cyanide which can be converted back to cyanide ion for reuse later. The use of air 

mixed in helps this process. All of the above processes lowers the cyanide levels to within 

NZ safety levels and so there is no dangerous cyanide levels entering the environment.
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 Grade Boundary: Low Achieved 

5. For Achieved the student needs to demonstrate understanding of chemical 
processes in the world around us. 
 
This involves processing and interpreting given information to identify, describe, 
and give an account of chemical processes occurring in the natural world or 
developed in response to an issue or need. The account given must be supported 
by the use of chemistry vocabulary, symbols, conventions, and equations. 
 
This student has used some chemistry vocabulary to describe how cyanide is 
used in the chemical process of gold extraction (1), and to give a brief description 
of a chemical process that is used to treat cyanide by-products of the extraction 
process (2). 
 
For a more secure Achieved, the student could use more chemistry vocabulary 
and equations. The student could also elaborate on the natural processes used to 
treat the cyanide by-products. 
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Extraction of gold using cyanide 

Cyanide has been used in New Zealand in gold extraction since the end of the nineteenth 

century. It has made the extraction of gold from gold ore much more effective and therefor 

more economic.  

Cyanide does occur naturally. It is secreted by hundreds of species of bacteria, algae, fungi, 

plants and insects.  

The problem with using cyanide in gold extraction is that cyanide is toxic to plant and animal 

life. It is toxic as it causes asphyxiation. In New Zealand there has been a case of a young 

girl who ingested a number of apricot kernels, after the season had ended. The girl 

developed signs of acute poisoning. Apricot kernels from the same batch were tested for 

cyanide levels and contained 0.33% levels of cyanide. 

There for it is important not to let the cyanide after it has been used to get into the 

waterways. The companies that extract gold therefore need to put systems in place that 

prevent this happening or keep the levels of cyanide entering the environment acceptable 

according to New Zealand standards. 

Cyanide consists of nitrogen and carbon joined together by a triple bond. It has a formula 

CN-. Another type of cyanide that is poisonous if hydrogen cyanide which has formula HCN. 

It is the cyanide ion that is used in gold extraction. 

 

The process: 

The ore is ground and crushed to make a slurry. To collect the gold from the ore it needs to 

be separated from the other minerals in the ore. To do this the gold needs to be made into a 

soluble form so that it can be separated from the other minerals as gold is insoluble. To 

make gold soluble sodium cyanide (NaCN) is added and the cyanide ion forms a complex ion 

with the gold. This complex ion, [Au(CN)2]-, is readily soluble.  

The dissolved gold in the form of the complex now needs to be separated out and recovered. 

This can be done by either absorption onto activated carbon or by zinc cementation. In 

absorption the dissolved gold forms on the carbon and in zinc cementation zinc powder and 

electricity is used.  It is then further refined until the final product is obtained 

The slurry, known as tailings is what is left after the gold has been recovered. This slurry 

contains cyanide and it is this that must be dealt with so that the cyanide does not enter the 

environment. 

At one of the mines near Waihi they have used what is known as the Cyanisorb process. 

Rather than trying to destroy or dispose of the cyanide it is recycled so that it can be used 

again in gold extraction. The slurry has sulphuric acid added to it. This converts the cyanide 

ion to be converted to hydrogen cyanide. This is then made into hydrogen cyanide as. This 

does not require high temperatures as hydrogen cyanide is volatile. Air is mixed in to help 

this process. Sodium hydroxide is added to reabsorb the sodium cyanide, which can now be 

reused for leaching the gold. After this some natural processes could occur to dispose of any 

leftover cyanide in the tailings. 

At this mine they have found that this is more economic and it reduces the amount of sodium 

cyanide that needs to be transported to the mine in the form of solid briquettes.
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 Grade Boundary: High Not Achieved 

6. For Achieved, the student needs to demonstrate understanding of chemical 
processes in the world around us. 
 
This involves processing and interpreting given information to identify, describe, 
and give an account of chemical processes occurring in the natural world or 
developed in response to an issue or need. The account given must be supported 
by the use of chemistry vocabulary, symbols, conventions, and equations. 
 
This student has given very basic descriptions of the chemical process of gold 
extraction (1), and processes used to treat cyanide by-products of the chemical 
process (2). 
s 
To reach Achieved, the student could use correct chemistry vocabulary and 
equations. The student could also provide a more detailed description of the 
chemical processes involved in the extraction of gold. 
 

 

  



Exemplar for internal assessment resource Chemistry for Achievement Standard 91389 

© NZQA 2018  

 

Extraction of gold using cyanide 

Gold is a very precious metal, and is very valuable. It has been valuable for a long time. 

Gold has a chemical symbol Au. It is found in what is called ore. Within this gold ore there is 

not too much actual gold so it needs to be separated out from this ore in an economic but 

safe way. 

 

Cyanide has been used in New Zealand in gold extraction since the 1889.  

Cyanide consists of nitrogen and carbon joined together by a triple bond. It is toxic to animal 

and plant life. Therefore it needs to be prevented from getting into the environment. 

 

To collect the gold from the ore it needs to be separated from the other minerals in the ore. 

However gold is an unreactive metal and is insoluble. The gold needs to be made into a 

soluble form so that it can be separated from the other minerals. To make gold soluble 

cyanide is added in the leaching tanks. This process is done at a high pH.  

 

Now that it is soluble it is separated from the rest or the ore. It now needs to be recovered. 

This is done by absorption onto something called activated carbon. Now that the gold has 

been absorbed it can be further refined and be ready for actual use. 

 

Once the gold has been separated the cyanide left over must disposed of in some way. 

Processes that dispose of cyanide or recycle it are: 

1. Volitisation 

2. Microbial degradation 

3. Absorption onto soil 

4. Photochemical breakdown 

5. Oxidation 

6. Using electricity 

7. The Cyanisorb process in which it is recycled 

Some of these processes are natural while others are chemical. 

 

So gold has been extracted and the cyanide left over has been safely dealt with. 

 

   

 




