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Memorandum 

Subject: Lampbright Stockpile Incident 

Date: December 1, 2014 

From: Mitchell Kruger, New Mexico Operations H&S Manager 

To: Mark Williams, Albuquerque MSHA Field Office Supervisor 

David Weaver, Assistant District Manager 

Copies: John Brack, VP/GM Chino Mine Operations 

Tim Eastep, Sr. Mgr Administration 

Introduction 

The Lampbright  Stockpile was established in 1988 as a leach stockpile to process low grade 

copper ore to supply PLS solution to the Chino SX/EW plant. The stockpile has been under 

continuous operation since this time with no significant changes in ore, mineral type or 

operational practices.  

This report summarizes the potential occupational exposures that occurred on October 3 and 

October 7, 2014, the investigation, findings, recommendations, and plan to prevent 

reoccurrence. 

Abbreviations 

Freeport-McMoRan Inc. (FCX) 

James Hamilton Construction Company (JHCC) 

Gila Regional Medical Center (GRMC) 

Carbon Dioxide (CO2) 

Carbon Monoxide (CO) 

Hydrogen Sulfide (H2S) 

Nitric Oxide (NO) 

Nitrogen Dioxide (NO2) 

Pregnant Leach Solution (PLS) 

Total Organic Content (TOC) 

Lower  Explosive Limit (LEL)  

Volatile Organic Compounds (VOC) 

Redacted per IPRA by State Mine Inspector
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Nitrogen (N) 

Chlorides (Cl-) 

Fluorides (F-) 

Sulfates (SO4
2-)

Carbon Disulfide (CS2) 

Industrial Scientific MX6 iBrid Air Monitors (MX6) 

Honeywell B/W Gas Alert Quattro Pro Air Monitor (Bumble bee) 

Incident Summary 

Two potential occupational exposure events occurred on October 3 and October 7.  The 

detailed timelines for these two events are in Appendix A.   

To summarize the event on the morning of October 3, one FCX employee and three contractors 

were working on the A-line of the Lampbright stockpile and were potentially exposed to a gas 

that affected these personnel in different ways.  All four were transported to the hospital and 

were evaluated and ultimately released. 

The immediate response to this was to gather up various air monitoring equipment and test for 

numerous gases (CO, H2S, O2, SO2) and LEL.  Sampling for these gases were conducted in 

the area where the incident occurred and began approximately 2 hours after the event 

throughout the day and included placement of monitors that were left overnight to data log until 

after 9 AM the next morning. 

The results of this testing on October 3rd and continuing into the 4th did not indicate levels that 

would have been dangerous to human health.  This led us to believe that any gas levels were in 

sufficiently low levels, that the atmospheric conditions were one of the key factors that could 

result in an exposure.  On the morning of October 3rd, there was an inversion that occurred in 

the morning on top of the stockpile. This would trap any gases being released from the activity 

of flushing and repairing drip lines. These gases would not have been dispersed until later in the 

morning as temperature and wind velocities increased.    

As a result, we determined that we could safely access the stockpile if personnel wore air 

monitors (Bumble Bee) as well as delaying access until any potential inversion had dissipated.  

We added an extra measure of making sure people worked in pairs so they could keep an eye 

on each other.  Over the next two days, we trained the contractors and FCX employees on the 

use of the personal air monitors and on the new practices around working in pairs and delaying 

access until after any inversion had lifted. 

On October 7, because of limited availability of personal monitors, a smaller crew of contractors 

and FCX personnel accessed the stockpile and began normal leach pad maintenance activities 

including flushing pipelines and repairing drip lines.  Shortly after noon, two JHCC employees 
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complained of feeling ill and were transported to the hospital for evaluation and were released 

later that day. 

Following this incident, Health & Safety personnel accessed the site and additional testing was 

conducted.  Again, the results were negative and a decision was made to close the stockpile to 

all personnel around 3 PM that day.  This restriction remains in place. 

Investigation Summary and Results 

It was evident from the descriptions of the personnel affected that the exposure was from 

inhalation.  However, it was unclear what kind of gas or the origination.  This led to a multi-

media sampling plan that included the various solutions, soils, and gases around the area 

where the exposure occurred, at sumps around the stockpile, tanks containing solutions that 

would have been pumped to the stockpile, and extending to railcars and trucks that transported 

acid that would have been blended with raffinate. 

Following the October 3 event, testing was conducted in the area of the events as well as other 

perimeter locations around the Lampbright Stockpile.  This testing occurred from October 3 

through November 5.  Liquid, solid and air sampling was conducted. Samples were analyzed by 

FCX personnel and outside laboratories. A summary of sampling locations is found in Figure 1 

in Appendix B and Table 1 of Appendix C gives a summary of the air sampling results.  A high 

CO reading obtained on October 7 from a PVC-Cased drill hole was removed from the data set. 

Table 2 of Appendix C shows the results for the liquid and solids samples taken from the 

Lampbright stockpile and surrounding areas.  On October 16, VOC sampling was conducted in 

the area of the October 3 incident.  The results from this testing are found in Table 3 of 

Appendix C. 

As can be seen in Table 1 of Appendix C, over the course of the sampling no levels of H2S, 

SO2, CO, NO, NO2, LEL, and O2 were found in the surface measurements that were in 

concentrations hazardous to human health.  Subsurface measurements (from drill holes 

extending to the total depth of the stockpile and shallow intrusions) routinely resulted in low O2 

and one drill hole contained high CO.  No indication of CO was found in ambient surface above 

this drill hole.  The results from the solid and liquid samples were typical of leach ore and 

process solutions.  From Table 3, no VOCs were found at hazardous levels. 

Findings and Conclusions 

The investigation led us to also look at the stockpile and any potential unique circumstances 

that occurred leading up to the incidents.   

Based on the investigation and sampling results, the following chemicals and compounds were 

ruled out as potential causes: 



Chino Mines Company 

4 | P a g e

Memorandum 
 Arsine gas: Not detected in any samples and arsenic is not present in a high enough

level to cause this gas to be present.

 CO2: This was not detected in any of the samples nor does the current leach ore contain

any calcium carbonate which has the ability to produce CO2.

 H2S: Based on the results, we concluded that levels were not significant to contribute to

these exposures.

 CS2: Based on the results, we concluded that levels were not significant to contribute to

these exposures

 VOCs: Based on the results, we concluded that levels were not significant to contribute

to these exposures

After eliminating all of these potential causes, we have concluded that there was a combination 

of factors that contributed to this incident.  The three main factors that contributed to this release 

are as follows: 

1. A-line – This line is the farthest south on the upper Lampbright stockpile.  The east end

of this line is also at the highest elevation on Lampbright.  The West end of A-line is

terminated with an 800 ft. length of 24 in. diameter HDPE pipe in which solution is

stagnant. This piping configuration was established in preparation of the West-line tie-in,

where raffinate would be distributed to the Lampbright stockpile from the West main

raffinate line. We are certain this configuration provided an opportunity for gas to collect

in this area of the line and be released during the process of flushing or repairing the

line exposing employees to the concentrated dose of gas during the process.

2. Acid quality – Chino Hydromet uses 700-800 tons of acid per day.  In evaluating quality

assurance procedures, it is recognized FCX relied on the supplier’s quality control to

ensure incoming acid met our specifications.    A potential contaminant in sulfuric acid is

nitrates, which can result in the generation of NO and NO2 when diluted below 70%

strength.  Although monitoring for NO2 was not conducted on October 3 or October 7,

negative readings for CO were recorded on two air sampling monitors on October 3.  Per

the air monitor manufacturer, negative readings for CO is an indication of sensor

interference from the presence of NO2.  Furthermore, acid containing nitrates that

exceeded purchasing specifications was discovered at the Morenci mine on October

22. Dilution testing of this acid at the FCX Central Analytical Services lab produced the

evolution of NOx gas that forced the evacuation of the room where the testing was 

conducted.  Based on this information and the addition of nine railcars of fertilizer grade 

acid being introduced into the system a few days before the October 3rd event, it is highly 

probable that one or more of these rail cars contained high nitrate levels.  When these 

nitrates were diluted into the raffinate, NO and NO2 gas was generated and trapped in 

the 800 feet of the dead leg on the A-Line. 

Additionally, many of the symptoms of the affected employees match NOx exposure.  In 

undiluted acid, NOX remains in a dissolved form.  However, when diluted, it can be 

released as a gas.  This dilution would have occurred in the outer tank of the Chino 

raffinate tank.  Raffinate from the outer tank of the Chino raffinate tank is sent to the 

Lampbright stockpile.  The amount of time that the concentrated acid spends in the tank 
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is not sufficient to allow the completion of the nitrate oxidation reaction.  As a result of 

the short retention time of the solution in the Chino raffinate tank, evolved NOx gas 

would be contained within the raffinate distribution piping system on the Lampbright 

stockpile. In addition to the October 3rd event, two employees later reported they had flu 

like symptoms on October 1st and 2nd.    

3. Weather conditions – On the day of the first event, October 3, there was virtually no wind

and there was an inversion which may have held potential gases in a concentrated form

on the surface of the stockpile which were formed by the dilution of off-specification

sulfuric acid (suspected high nitrate) and released during the act of flushing and A-line

pipeline maintenance activities.

Recommendations and Action Plan 

Based on the findings of the investigation and the number of factors that contributed to 

the incident, there are a number of recommendations and associated actions that will 

occur.  The actions are prioritized based on the Hierarchy of Controls, whereby 

solutions that involve elimination, substitution, or engineering are going to be more 

effective and sustainable than solutions that rely on behavior.  

Recommendation #1: Eliminate “dead leg” on the A-Line. 

Action #1: The 800-foot “dead leg” will be removed and an air relief valve (ARV) will 

be placed at the end of this pipeline.  This will allow any gas that is 

accumulated or generated in the pipeline to be released as it is generated 

as opposed to building up over time and released when valves are 

flushed.   
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Recommendation #2: Develop better QAQC practices around acid supply. 

Action #2: Develop a process for monitoring incoming sulfuric acid to determine that 

it meets internal specifications (see Appendix E). This will include 

reviewing the certificate of analysis (COA) and visual observation of the 

color. A lab will be set up for on-site testing for NOx by a titration method 

for every rail car (see Appendix F). Acid that is cloudy or dark or assays 

300 parts per million (ppm) (0.03%) NOx or above will be quarantined until 

it can be sampled and the quality confirmed at an outside lab. If the levels 

are higher than 300ppm, the rail car may be rejected and returned to the 

acid supplier. 

         The titration method for NOx is a permanganate titration. This type of 

titration is common and measures anything that is oxidized by the 

permanganate (which is a strong oxidant). In sulfuric acid, NO is present 

as NOHSO4, or nitrosylsulfuric acid. The permanganate oxidizes any NO 

and any NO2 that may be present to NO3. In this procedure, a known 

amount of excess permanganate is used so that all the NO or NO2 reacts. 

The analyst then “back- titrates” with oxalate to find out how much 

permanganate is left unreacted. If no SO2 is present, we can calculate the 

nitrate content of the acid. Most acids do contain some SO2 and this will 

also react with the permanganate so we need to do a separate titration for 

SO2 so that we can subtract out the influence of SO2 on our first titration. 

Both titration methods are included in Appendix F and G. The titration lab 

is set up at the Chino property. 

Recommendation #3: Due to the potential to generate gases, monitoring for gases at 

locations where high concentration sulfuric acid is added to the process. 

Action #3: Install and continuously monitor for NO2, SO2, and H2S at the Raffinate 

Tank, the Lampbright Booster, the Acid Cure Unloading Area, and the 

S1A and S1B tanks.  These areas will have an audible and visual alarm 

and will be tied into the SX control room (see Appendix H for monitor 

specifications). 

Recommendation #4: Utilize personal monitoring for gases, a means of escape and 

monitoring weather conditions. 
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Action #4: Implement a process to ensure that anyone working on the Lampbright 

stockpile is wearing a personal monitor that will alarm for O2, CO2, NO2, 

SO2, and H2S (see Appendix H for specifications).  In addition, all 

personnel will carry an escape respirator that will be deployed if the 

personal monitor alarms.  Training in proper use of the monitor and the 

escape respirator will be an important part of the action plan. 

A wind sock will be used near the work areas so personnel can visually 

determine wind direction and strength so they can plan their evacuation 

route.  In addition, a weather station is going to be placed on Lampbright 

to continuously monitor weather conditions from the SX control room. 

In conclusion, we believe that this incident was the result of a number of factors and 

implementation of any of these actions would eliminate recurrence.  However, 

implementation of all of these actions will result in redundant protection for personnel 

working on the leach stockpile and other areas where gases could create a hazardous 

environment.  
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Appendix A 

Timeline of Events: (all times are approximate) 

October 3, 2014 

6:15 AM:  FCX Senior Quality Technician ( ) was adjusting pressures on 

the 7055 leach pads and noticed an unusual odor. 

7:05 AM  communicated to JHCC contractors of the unusual odor.  

7:15 AM  communicated to FCX Supervisor (Bruce Shannon) of the unusual 

odor. 

7:25 AM Bruce and Senior Process Controller (Billy Gordon) traveled to the B-Line l area 

on the 7055 leach pad but no unusual odors were detected.  

7:40 AM Three JHCC employees (

) arrived at the 7055 A-Line Leach Pad, conducted pre-job risk 

assessment and a work place examination.  

8:00 AM , Leaching Superintendent (Kevin Matthes), and Senior Health & Safety 

Specialist (Joe Edwards) traveled to the north part of 7055 leach pads but no 

unusual odors were detected. The group along with recommendations from the 

FCX Industrial Hygienist (Alan Moreno) discussed plans to conduct air monitoring 

of the area before the beginning of the next shift.   

8:30 AM ,  and  parked their pickup and performed leach pad 

maintenance on the A-line which included  shutting off the feed line valve 

while  and  conducted repairs of the drip line shooters (i.e. sections 

that become disconnected from the feed line and spray solution). 

9:10 AM  complained to  about being nauseous and feeling ill.  stated he 

was also getting a headache and was feeling ill. ,  and 

decided to contact JHCC supervisor (Ruben Gomez).  

9:20 AM Ruben instructed three employees to meet at the ‘White House’ (i.e. designated 

evacuation point) 

9:40 AM JHCC Health and Safety supervisor (Heidi Ogas) instructed all JHCC employees 

to meet at the ‘White House.’  

9:50 AM FCX removed all personnel from Lampbright Stockpile Leach pad and collection 

facilities.  

10:00 AM Heidi contacted Joe about several of their employees feeling ill.  

10:15 AM Heidi decided to activate the FCX Emergency Response team to evaluate the ill 

employees.  and  were transported GRMC. 

10:40 AM All JHCC & FCX Leach employees met at Leach Shop Building 

11:40 AM  & JHCC employee ( ) were transported to GRMC. 

12:55 PM Joe and Alan conducted air sampling at the A-Line Leach pad utilizing MX-6 gas 

monitors with O2, LEL, CO and H2S.  

1:30 PM Alan contacted the Industrial Scientific representative to discuss the negative 

readings on the CO sensor.  

3:00 PM FCX & JHCC employees being kept at Leach Building were cleared to go home.  

Redacted per IPRA by State Mine Inspector
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3:30 PM Joe and Alan stopped air sampling with no significant findings.  

7:30 PM Joe, Alan and FCX Health & Safety Manager (Mitch Kruger) setup four MX-6 air 

monitors capable of data logging around the perimeter of the Lampbright 7055 A-

Line A9S Leach Pad. This is the area where  and  were performing 

work when they began feeling ill. 

October 4, 2014 

8:30 AM The four MX-6 Air monitors were retrieved from A9S Leach Pad by Alan and 

Mitch 

9:30 AM The data was downloaded and reviewed with no significant indicators identified. 

12:00 PM Mine Operations personnel were trained to use personal air monitoring (H2S, 

CO, LEL, and O2) while working on the stockpile.  

October 6, 2014 

Appropriate JHCC and FCX Leach personnel were trained to use personal air 

monitors (H2S, CO, LEL, and O2). Requirements to enter the stockpile included: 

 Two-Way Mine Radio

 Personal Air Monitor

 Buddy system

 Delayed Stockpile Access  until after 8:00am

October 7, 2014 

9:30 AM JHCC Contractor Leach Maintenance crew began work on the 7055 Lampbright 

Leach pads. 

12:45 PM Two JHCC employees (  and ) working on the 7055 A-

Line complained of feeling ill. Both employees were transported to GRMC for 

observation and released.  

12:50 PM All personnel were removed from the Lampbright Leach padsl. 

3:33 PM Randy Ellison, FCX Hydromet Manager disseminated communication to close 

access to Lampbright Stockpile.  (email from Sandy Martin on behalf of Randy 

Ellison) 

October 8, 2014 MSHA issued a J-Order.  

October 9, 2014 MSHA issued the K-order and began their investigation. 
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Figure 1:  Locations of air monitoring and liquid and solid sampling:  October 3 – November 5 
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Appendix C 

Table 1:  Averaged results from air monitoring.  (Note:  the table does not reflect the high CO 

reading from the S9944 sonic drill hole) 

Proximity SO2 
(ppm) 

H2S 
(ppm) 

CO 
(ppm) 

NO2 
(ppm) 

NO 
(ppm) 

LEL (%) O2 (%) 

Sub-
Surface 

0.29 0.50 0.32 0.00 1.12 0.50 18.51 

Surface 0.16 0.10 0.94 0.00 0.64 0.27 20.56 

 

Table 2:  Averaged results from solid and liquid samples obtained from the Lampbright 

stockpile and surrounding areas. 

Sample 
Type 

Total Organic 
Carbon (ppm) 

Nitrogen 
(ppm) 

Chloride 
(ppm) 

Flouride 
(ppm) 

Sulfate (ppm) 

Liquid 18 N/A N/A N/A N/A 

Solid N/A 0 147 103 23,233 
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Table 3:  VOC sampling results.  (mg/m3) 

 
VOC-1 VOC-2 VOC-3 VOC-4 VOC-5 

Benzene 0.011 0 0 0.28 0 
Toluene 0 0 0 0.021 0 
Acetic Acid 0.012 0 0 0.03 0 
Acetic Acid Ester 0 0 0 0.038 0 
Acetic Acid, Methyl 

Ester 
0.016 0 0 0.034 0 

Butane, 2,3,-dimethyl 0 0 0 0.17 0 
2,2,4-trimethyl-1,3-

pentanediol 

diisobutyrate 
0 0.0024 0.0022 0 0.028 

Acetone 0.0033 0 0 0 0 
C13 Hydrocarbons 0.0055 0.0025 0.0055 0.0019 0.0046 
C13 Oxygen Containing 

Compounds 
0.0013 0 0 0 0 

C14 Hydrocarbon 0.0043 0.0036 0.011 0.0041 0.005 
C15 Hydrocarbon 0.0016 0.0012 0.0021 0.0017 0.0016 
Carbon Disulfide 0 0 0.0048 0 0 
Cyclic C13 

Hydrocarbons 
0 0 0.003 0.0011 0.0013 

Decahydro-2,2,8,9,10-

pentamethylnaphthalene 
0 0 0.0012 0 0 

Cyclohexane 0.0066 0 0 0.11 0 
Cyclohexene 0.0018 0 0 0.014 0 
Cyclopentane, methyl 0 0 0 0.0074 0 
Dodecane, 6-methyl 0.0008 0 0.0012 0 0 
Naphthalene, 

dacahydro-2,6-dimethyl- 
0.00076 0 0.0011 0 0 

Sulfur Dioxide 0 0 0.0078 0 0 
Ethyl Acetate 0 0 0 0.0041 0 
Hexane, 2-methyl- 0 0 0 0.0014 0 
Pentane, 2-methyl- 0.0012 0 0 0.0012 0 
Pentane, 2,3-dimethyl- 0 0 0 0.0033 0 
Pentane, 2,4-dimethyl- 0 0 0 0.0089 0 
Pentane, 2-methyl- 0 0 0 0.017 0 
Pentane, 3-methyl- 0.0014 0 0 0.034 0 
Tetradecane 0.0011 0.001 0.0018 0.001 0.0014 
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Nitrate impurities in sulfuric acid result from the sulfuric acid production process. 

For example, much sulfuric acid comes from smelting operations. In recent years, 

smelters have used an oxygen enrichment process which allows the smelting process 

to take place at higher temperatures and results in an increase in the formation of 

nitrogen oxides (NO and NO2) in the gas. These gases are called thermal NOx. These 

nitrogen oxides pass from the smelter to the acid plant and, during the acid production 

process, the nitrogen oxides contaminate the sulfuric acid. Data from NOx surveys in 

acid plants indicates that between 30 and 85 % of the total NOx contained in the gas 

leaves the plant with the stack gas. The balance is absorbed into the acid. (Lyne) The 

chemical formula which describes this may be written as: 

NO + NO2 + 2H2SO4 < > 2NO•HSO4 + H2O  (1) 

Nitrosylsulphuric acid (NO•HSO4) is the main nitrogen-containing species that contaminates the 

acid and is commonly referred to as ‘nitrates’. Copper smelters often make different grades of 

sulfuric acid. Acid that comes from the candle mist eliminators is high in nitrates because the 

nitrogen oxides in the gas are preferentially absorbed by tiny acid mist particles which have a 

high surface area to volume ratio.  Non-candle acid is lower in nitrates. Smelters sometimes 

blend candle acid with lower nitrate acid. Nitrates in the acid accelerate corrosion of steel 

equipment and may discolor the acid, reducing the quality of the acid.   

Reaction (1) is a reversible reaction. The nitrosylsulphuric will be hydrolysed on contact with 

water (Reaction 2).  

2NO•HSO4 + H2O > NO + NO2 + 2H2SO4   (2) 

The hydrolysis is essentially complete when the H2SO4 / H2O solution falls below about 60% 

(Duecker). Below this strength little or no HNOSO4 can exist in the acid. Dilution of the nitrate 

containing acid will release the NOx.  

 Use of sulfuric acid in copper heap leaching requires that concentrated sulfuric acid be 

diluted so that leach solutions contain between 3 and 15 grams of acid per liter of leach solution 
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(raffinate). The purpose of acid in leaching is two-fold. Acid is added to leach solutions in order 

to dissolve copper from oxide and simple sulfide minerals. Additionally, acid is added in order to 

maintain a pH low enough for copper ions and iron ions to remain in solution without 

precipitating out. Iron ions assist in copper leaching and it is important to keep these ions in 

solution. The host rock tends to raise the pH of the leach solutions and this necessitates the 

addition of acid to the raffinate. Host rock that contains limestone requires more acid than host 

rock that contains granite, for example.  

 Copper bearing raffinate (now called PLS, or pregnant leach solution) reports to a 

chemical process called Solution Extraction where reagents engineered by companies such as 

BASF selectively remove copper ions from the leach solutions. The copper rich solution from 

Solution Extraction reports to an Electrowinning facility, where copper is plated out as copper 

cathode. After the copper is removed from the PLS it is now called raffinate again and it is 

recycled back to the heap leaching operation. Concentrated sulfuric acid and makeup water are 

added to the raffinate before the raffinate is used for leaching, and this constitutes an acid 

dilution step. If excessive nitrates were present in the concentrated sulfuric acid used at this 

point, NOx gasses would be released. Depending on the configuration and residence time of 

tanks, pipes, and leach lines – this gas could be trapped in any enclosed space.  

 Incoming acid shipments may be checked for the presence of nitrosylsulphuric acid by a 

chemical titration test using permanganate. Permanganate titrations are classic procedures 

used to measure substances that will be oxidized by the permanganate. During this titration the 

nitrates in the acid are oxidized to NO3. Because any SO2 in the acid would also oxidized by the 

permanganate, a second titration is used to account for SO2. This titration test is a quick method 

of checking incoming purchased acid for the presence of nitrates.  
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Appendix F 

 

Title: NOx IN CONCENTRATED ACID PLANT SULFURIC ACID 

Issue Date: September 26, 2000  

SCOPE: 

Excess potassium permanganate is added to a solution containing SO2 + Nitric Oxide.  The 

excess permanganate is back titrated with sodium oxalate. SO2 is corrected for and the ppm NO 

is calculated. 

Note: NOx is assumed to be NO in the samples and all calculations are based on this 

assumption. 

SAFETY: 

Sodium oxalate is a health hazard, handle with care.  Wear rubber gloves when handling 

concentrated sulfuric acid.  Read the SDS if unfamiliar with any of the chemicals used in this 

method.  

ENVIRONMENTAL: 

Unused portions of samples are returned to the generating process for recoverable value.  

Sample portions used in this analytical process are placed in the lab sink to be used for 

recoverable value in the leaching area. 

EQUIPMENT/TOOLS NEEDED: 

 25 ml buret 

 Magnetic Stirrer 

 Magnetic Stirring bars 

 Two liter glass brown bottles 

 600 ml Beakers 

 5, 15, and 50 ml pipets 

 Two liter Volumetric flasks 

REFERENCES: 

Analytical Chemistry Handbook, John A. Dean, McGraw-Hill, Inc. 

PROCESS: 

A known volume of standard potassium permanganate is added to a cold water solution; 

concentrated sulfuric acid sample is added while stirring rapidly.  SO2 interference is calculated 

in the method therefore this titration should be completed at the same time as the iodine titration 

for SO2 (see procedure SO2 in Concentrated Sulfuric Acid). 

Preparing Reagents: 

Sodium Oxalate Primary Standard Solution 0.0500 N 
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 Weigh 6.7000 g sodium oxalate (Na2C2O4) into a one liter beaker 

 Add 600-800 ml water and a magnetic stirring bar 

 Stir rapidly until in solution 

 Transfer solution to a 2 liter volumetric flask 

 Bring to volume with water and mix 

 Transfer solution to the titration bottle 

Potassium Permanganate Solution 0.2 N 

 Weigh 13.2 g KMnO4 into a 2 liter volumetric flask 

 Bring to volume with water 

 Add a magnetic stirring bar and stir rapidly until in solution 

 Transfer to a glass brown bottle for storage 

Standardization of potassium permanganate: 

1. Pipet 5 ml of the 0.2 N KMnO4 solution into a 600 ml beaker and add 350 ml water 

2. Add a magnetic stir bar, place on a magnetic stirrer and stir rapidly 

3. Add 50 ml reagent grade conc. sulfuric acid to the beaker 

4. Titrate with standard sodium oxalate to a faint purple end point 

5. Record ml added 

6. Check this solution once a week and record on P.A.S. Sample Log 

7. Calculation 

 Normality KMnO4 = (NNa2C2O4 x ml Na2C2O4)/ml KMnO4     

Normality KMnO4 = (0.05 x ml Na2C2O4)/5  =  0.010 x ml Na2C2O4  

1. Pipet 5 ml 0.2 N potassium permanganate solution into a 600ml beaker. Add 350ml D.I. 
water and a magnetic stirring bar.  Place beaker on a magnetic stirrer; stir rapidly. 

2. Pipet 50 ml of the acid sample. Slowly add the sample into the beaker. 

3. If the permanganate color starts to disappear, pipet 5 more ml KMnO4 solution and continue 
adding the sample.  Repeat the 5 ml additions if necessary.  Record the ml KMnO4 solution 
added. 

4. Let set for about 10 minutes to allow the complete oxidation of NO to NO3. 

5. Place beaker back on the stirrer and titrate the solution with standard 0.0500 N sodium 
oxalate to a faint purple end point. 

6. Record the ml sodium oxalate added.  Recall the Daily_acid.xls spreadsheet located on the 
S drive at S:\Analytical_Lab\Analytical_Process\ICP\Acid Plant. 

7. Enter ml KMnO4 and ml sodium oxalate for the KMnO4 standardization. 

8. Enter ml KMnO4 and ml sodium oxalate for each sample. 

9. Ppm NO is automatically calculated and transferred to the report sheet. 

Copy all new information on the report sheet and paste special (value) to the data sheet.       
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Memorandum 
5. Calculations: 

Excess ml KMnO4 =  (0.05 x ml Na2C2O4)/N KMnO4 

Total ml KMnO4 reduced by SO2 + NO = ml KMnO4 Added – Excess ml KMnO4  

SO2 interference: 

ml KMnO4 = (ppm SO2 from I2 titration x 0.092)/(N KMnO4 x 32.04) 

Total ml KMnO4 – ml KMnO4 from SO2 interference = ml KMnO4 for NO 

NO ppm by weight: 

50 ml H2SO4 x 1.84g/ml = 92g 

ppm NO = (ml KMnO4 for NO x N KMnO4 x 10,000)/92 
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Appendix G 

 

Title: SO2 IN CONCENTRATED ACID PLANT SULFURIC ACID 

Issue Date: August 11, 2000  

SCOPE: 

When iodine is added to a solution containing SO2, a proportional amount will be reduced.  Free 

iodine present at the end point is detected using a starch indicator. 

SAFETY: 

Iodine can give off toxic fumes. Open under a hood; if fumes are present, weigh under a hood. 

Wear the proper PPE, including rubber gloves and goggles, when handling concentrated 

sulfuric acid.  Read the SDS, if unfamiliar with any of the chemicals used in this method. 

ENVIRONMENTAL: 

Unused portions of samples are returned to the generating process for recoverable value.  

Sample portions used in this analytical process are placed in the lab sink to be used for 

recoverable value in the leaching area. 

EQUIPMENT/TOOLS NEEDED: 

 25 ml buret 

 Buret stand 

 Magnetic Stirrer 

 Magnetic Stirring bars 

 One liter glass brown bottles 

 200 ml Beakers 

 5 ml pipets 

 Wash bottle for the starch indicator 

Reagents:  

0.10 N I2: Dissolve 15g of Potassium iodide (KI) in 300 ml of water in a 400 ml beaker.  Add 12.7 

g of iodine, mixing well to dissolve.  Transfer to a one liter volumetric flask; bring to volume with 

water and mix.  Transfer to a glass brown bottle for storage. 

0.01 N I2:  Pipet 100ml 0.10 N I2 into a one liter volumetric flask; bring to volume with water and 

mix.  Transfer to the titration bottle.      

This solution is unstable; store away from light, standardize weekly and document on the 

P.A.S. sample log. 

As2O3:  Use primary standard grade arsenic trioxide (As2O3) which has been dried for at least 1 

hour at 105°C and cooled in a desiccator.  Weigh 2.0000g of As2O3 and transfer to a 400ml 

beaker. Add 6-10 NaOH pellets and 100 ml of water.  Add a magnetic stirring bar and stir until in 

solution.  Adjust volume to 300ml with water.  Add 10ml concentrated sulfuric acid, stir and cool 

to room temperature.  Transfer to a one liter volumetric flask, dilute to volume with water and 

mix; store in a one liter plastic bottle.  
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Memorandum 
                                          2.0000g As2O3/liter = 0.0100g/5 ml  

Standardization of I2: 

Pipet 5 ml As2O3 solution into a 200 ml beaker.  Adjust volume to 100 ml with water.  Add a 

magnetic stirring bar and place on a magnetic stirrer.  Carefully add 0.3 to 0.4 g solid sodium 

bicarbonate (NaHCO3) in small portions to avoid loss of solution due to the effervescence of 

CO2. Wash down the sides of the beaker with water.  Add 0.5 ml starch indicator and titrate to 

the first faint purple/blue color that persists for at least 30 seconds, recording ml I2 used. 

PROCESS: 

Add an ice cube and a magnetic stirring bar to a 200 ml beaker; adjust volume to about 100 ml 

with water.  Pipet 5 ml of H2SO4 sample into the chilled water, keeping the pipet tip below the 

surface of the water.  Add about 1 ml of starch solution and titrate immediately with 0.01 N I2 to 

a light blue end point which does not fade within about 30 seconds.  Record the ml used.  

Repeat for all samples. 

Reporting: 

Recall the Daily_Acid.xls Excel spread sheet file: S:\Analytical_Lab\Analytical_Process\ICP\Acid 

Plant 

Enter wt. of As2O3 (0.0100g) and ml I2 used to standardize the I2. The Normality of the I2 will be 

calculated. 

Enter the ml I2 for each sample and the ppm SO2 will be calculated. The ppm SO2 is 

automatically transferred to the Report sheet. 

Copy all new information on the Report sheet and paste special (value) to the Data sheet.   

Calculations: 

Normality of Iodine = g As2O3/(ml I2 x 0.04945) 

ppm SO2 = (ml I2 x Normality I2 x 6406)/1.84 

Where 1.84 = Specific Gravity of H2SO4 






