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Experiment 1 

Calculations in biochemistry 
Preparing and handling solutions is an essential part of experimental biochemistry. One 

of the key tools any new science graduate can have is to be competent in preparing 

reagents, buffers, and accuracy in pipetting. The three most common concentration 

expressions biochemists use are molarity, normality, percent (vol/vol, wt/vol, mg% and 

wt/wt) and ”X” concentration. 

 

SOLUTIONS:  Several methods have been developed for the preparation of solutions, 

the following methods are used in biochemistry: 

1. Percent solution. (%). 

2. Molar solution (Molarity) 

3. Normality 

4.”X” concentration. 

 

Stock solutions (or concentrated solutions) are often defined as percent, Molar, Normal 

or the informal “X” concentration. If a solution is made of one component, then the 

molarity is usually shown. When a number of chemicals are used to make a 

concentrated solution,  the concentration factor X is used. 

 

PREPERATION OF SOLUTIONS: 

  

1. Concentrations in percent:  

 

A. Percent by weight (w/w)  

(X g of solute/100 g of solvent)*100 = X%  

Ex. a 10% (wt/wt) solution would be 10 g of solute and 90 g of solvent.  
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B. Percent by volume (v/v)  

(X ml/100 ml of total solution)*100 = X%  

Ex. A 10% (v/v) solution would be made by adding 10 ml of concentrated solution to 

90 ml of dilutent. 

 
  

  

  

  

  

  

C. Percent by weight per volume (w/v)  

(Xg of solute/100 ml total volume)*100 = X%  

Ex. A 30% NaCl solution would be prepared by adding 30 g of salt to a 

vessel containing 50 ml of water then QS (fill to Quantity Sufficient) to 

measure 100ml.  

Do not add 30 g to 100 ml of water, the resulting solution would be more dilute than 

planned. 
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D. Percent by mg per volume (mg %)  

mg of solution/100 ml of total volume  

Milligram % is often used in clinical laboratories. For example, a clinical blood sugar 

value of 225 means 225 mg of glucose per 100 ml of blood serum. 

• Somehow similar to w/v, however here we use mg/100ml, rather than g/100ml. 

 

2. Concentration in molarity  

 

Molarity is the most common concentration unit in biochemistry. Make certain that it 

the abbreviation is a capital M. Brackets [ ] indicate molar concentration, usually in 

M.  

Molarity (M) = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑀𝑜𝑙𝑒𝑠
1 𝑙𝑖𝑡𝑒𝑟 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛

 = 

𝑔𝑟𝑎𝑚 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑒
𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 

1 𝑙𝑖𝑡𝑒𝑟 𝑜𝑓 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛
 

 

 

Example: How many moles of NaCl are present in 150 mL of a 1.5 M solution?  

number of moles = M x V  

 

where V = 
150 𝑚𝑙

1000 𝑚𝑙/𝐿
    = 0.15 L,  and M = 1.5 moles/L  

 

number of moles = 1.5 moles/L x 0.150 L  

                            = 0.225 mole NaCl;  

 

MW NaCl= 58.5 g/mole,  which is also equal to 0.225 x 58.5 = 13.1125 g NaCl.  

 

Dilute solutions are often expressed in terms of a smaller unit therefore,  

1mM =10 -3 M = 1mmole/liter = 1 μmole/ml  

1μM = 10 -6 M = 1μmole/liter = 1nmole/ml  

1 nM =10 -9 M = 1nmole/liter = 1pmole/ml  

 

 

 



 

25 

3. Concentration in normality  

Normality refers to the concentration of a solution expressed in terms of the number of 

equivalents of solute in 1 L of solution. This is same as the number of milliequivalent 

weights (milligram-equivalent weights, milli equivalents “meq”) in one mL of solution. 

Normality is indicated by the symbol N and is used, in calculations involving acid-base 

(neutralization) and oxidation-reduction (redox) reactions.  

 

Normality (N) = 
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡𝑠 

𝑉𝑜𝑙𝑢𝑚𝑒 (1 𝑙𝑖𝑡𝑒𝑟)
 

 

No. of equivalent = (weight ÷ EW) 

EW= molecular weight/ n 

 

The EW is the mass of one mole of ion (either H+ or OH-)  

Where n is the number of replaceable H+ or OH- per molecule for acids and bases 

 

N= (n *
𝑤𝑒𝑖𝑔ℎ𝑡

𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡
 )/ volume in litre 

 

N= [(n * (weight/ molecular weight)]/ volume litre 

N= [n * no of moles]/volume in litre 

 

N= n * M 

    

Example: 

Calculate the no of moles and molarity of 0.5 N solution of H2SO4 made using 500 

ml? 

N= n* M 

0.5= 2* M -------> M= 0.5/2= 0.25 M 

M=No of moles/ volume in litre  

No of moles= M* volume in litre 

                    = 0.25* (500/1000) 

                    = 0.125 mole. 

 

* While Molarity refers to the 

concentration of a compound or ion in a 

solution, normality refers to the molar 

concentration only of the acid 

component or only of the base 

component of the solution. 

Thus, normality offers a more in-

depth understanding of the solution's 

concentration in acid-base reactions. 
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Dilutions  

It is often necessary to change the concentrations of one solution to that of a more dilute 

solution. In the process of dilution, the total amount of solute remains unchanged, only 

its concentration is decreased. This can be done by utilizing the fundamental 

relationship just as follows: 

 

C1 x V1 = C2  x V2  

 

where:  

C1 = concentration of initial solution. 

V1 = volume of initial solution. 

C2 = concentration of desired (final, diluted) solution. 

V2 = volume of desired (final, diluted) solution. 

 

- This calculation is used for diluting concentrated solutions, usually those that are in 

percent, molar, or normality units, also X factor can be used.  

- It is NOT intended to be used when dealing with serial type of dilutions.  

- However, it is very easy to use, but can be a large source of error for if the 

calculations are not performed correctly. The biggest problem in using this method 

is when you don’t keep the units the same. When using millilitres on one side of the 

equation then you need to use millilitres on the other. The same goes for 

concentration units. 

 

When additional diluent is added to an aqueous solution, the concentration of that 

solution decreases. This is because the number of moles of the solute does not 

change, while the volume of the solution increases. the number of moles are the 

same before and after dilution. 

 

No of moles= no of moles 

M1 x V1 =   M2 x V2 
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Example: Prepare 50.0 mL of a 2.0 N solution from a 5.0 N stock solution.  

C1 x V1 = C2 x V2 

5.0 x V
1
= 2.0 x 50 

V
1 

= 20.0 mL  

To 20.0 mL of stock solution add 30.0 mL of diluent.  

 

Example: Dilute 7.0 mL of a 5.0% (w/v) solution to a 3.0% (w/v) solution.  

C1 x V1 = C2 x V2 

5.0% x 7.0 = 3.0% x V
2
 

V
2 
= 11.7 mL  

To 7.00 mL of initial solution add 4.7 mL of diluent. 
 
 
4. The “X” Factor  

 

When a solution contains a mixture (more than one chemical) in a solution, the X factor 

comes into play.  The buffers used in biochemistry laboratory usually have three or four 

components. Instead of listing the molar concentration of each chemical in the solution, 

a stock concentrated solution might be labelled as 10X Buffer. This tells the researcher 

that the stock solution is ten times more concentrated than it needs to be for use. Thus, 

a dilution is in order. 

 

 

When making a concentrated stock solution (e.g 10X buffer) you need to know the 

“working” concentration which is the concentration of each of the chemicals when the 

solution is at the correct concentration to use. This is called 1X. All concentrated stock 

solutions that use the X factor, uses the working concentration as 1 X.  However 

sometimes it can be 2X or 5X. 

Components  1X (working concentration) 10X (stock concentration) 

A 1 M 10 M 

B 0.5 M 5 M 

C 0.3 M 3 M 

D 2% w/v 20% w/v 

E 0.1% v/v 1% v/v 
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Volume of stock solution (A) needed = 𝐕𝐨𝐥𝐮𝐦𝐞 𝐨𝐟 𝟏𝐗 𝐧𝐞𝐞𝐝𝐞𝐝
𝐂𝐨𝐧𝐜𝐞𝐧𝐭𝐫𝐚𝐭𝐢𝐨𝐧 𝐟𝐚𝐜𝐭𝐨𝐫

 

Let’s say you need 50 ml of 1X running buffer to perform an experiment and the stock 

concentration is 50X. 

= 
50 𝑚𝑙
50 𝑋

 = 1 ml is required from A + 49 ml diluent. 

 

Or you can use  

C1 * V1 = C2 * V2 

50X * V1= 1X* 50 ml → V1 = 1 ml is required from A + 49 ml diluent. 

 

❖ Dilutions  

There are two main methods for interpreting dilutions 1 to 10 

 

a) means that there is one part of concentrate in 10 parts of final solution (e.g. 1 ml of 

concentrate and 9 ml solvent with a final volume of 10 ml) 

b) means that there is one part of concentrate to 10 parts of solvent (or 1 in 11) (e.g. 1 

ml of concentrate and 10 ml vehicle with a final volume of 11 ml). 

The former convention (one part / total parts ) is frequently used because the dilution 

factory is easy to work with. In this case it is best to read "dilute 1:10" meaning "add 

one part of the sample plus nine parts of diluent". Now it is easier to determine the 

calculations. 

 

If you wish determine the volumes of each part. A dilution of 1:X means your 

concentrated solution should be diluted to 1Xth of its current concentration. 

 

Volume of each part. = 
𝑡𝑜𝑡𝑎𝑙 𝑣𝑜𝑙𝑢𝑚𝑒

𝑡𝑜𝑡𝑎𝑙 𝑝𝑎𝑟𝑡𝑠 "𝑋"
 

 

Add the concentrated solution to (X-1) volumes of diluent. Always add a small amount 

to a larger amount. 

همها على   ؟ هلأ ممكن ٮ&ڡ& طٮ:ٮ5ن رئٮ5سٮ5ة ten ten أوكى/ ملة one to ten أو one ٮ&ڡ: م ح= ا ٮ=دي أٮ:رح= ٮ:ٮ5ن، إذا أٮ& هلأ ڡ&ى/ عٮ&دي طريڡ:
ذ واحد mlهى/  ا مٮSلاً لو ٮ=دي أح& ود in ten part as a total ٮ5عني أٮ& ا ڡ&ى/ عٮ&دي one part موح= هة الأولى إٮ&ه أٮ& هٮ:ٮ5ن الح= ح=
الٮ:الى/ الfinal volume هو  ٮ= ارة عن واحد ml من ال concentrate المحلول المركزّ زائد ٮ:سعة ml من ال solvent ڡ& عٮ=

 vehicle من ال parts عشرة concentrate plus من ال one part ًلاSا عٮ&دي مٮ هم إٮ&ه أٮ& ڡ& عٮ&دي عشرةmlممكن كمان ٮ:ٮ&
الٮ:الى/ final volume عٮ&دي ٮ=صٮ5ر 11 هلأ ٮ=العادة ال former convection اللي  ٮ= دمه ڡ& ا ٮ=دي أسٮ:ح& أو ال solvent اللي أٮ&

ا  ى/ ٮ=حكى/ one to ten أٮ& دام لما ٮ=ح= دمه ٮ=شكل more frequent لأٮ&ه أسهل ڡ&ى/ الاسٮ:ح& سٮ:ح& ٮ5ار الأول اللي هو A ٮ=ٮ& هو الح&
مع الواحد مع العشرة عشان أحكى/ إٮ&ه final volume عٮ&دي كم  الى/ إٮ&ه final volume عشرة مش مضطر أصٮ5ر أح= دائماً ٮ=ٮ=
 one part of the ا أضٮ5ف ى/ أٮ& اها إٮ& العادة ال best case أو it's best to read it as one to ten معٮ& ٮ= إٮ&ه ٮ=صٮ5ر 11 ڡ&

sample plus nine parts of the diluent

ى/ حدا حكى لى/ ٮ5ا to 10 dilution 1 طٮ5ب to 10 dilution 1 ٮ=دي  ا لو ٮ=دي أح= طٮ5ب هلا أٮ&
ا ٮ=حكى/ لى/  زاء. طٮ5ب هلا ٮ=العادة مٮSلا ممكن ما ٮ5كون أٮ& ه مع 9 أح= زء وأضٮ5ڡ& ذ ح= ا ٮ=دي أح& أحكى/ أٮ&

زء من  ٮ=دي أحسب كم هو الح= أحضر مٮSلا 10 مل، ممكن 20 مل، ممكن 30 مل، ممكن 40 مل، ڡ&
زاء من 10  زء من 10؟ وكم 9 أح= ا مٮSلا عٮ&دي 30 مل، إذا عٮ&دي 40 مل، كم الح= 10 صح؟ إذا أٮ&
 dilution of 1 ى/ حدا ٮ5حكٮ5لي ا لما مٮSلا ٮ5ح= اها أٮ& ؟ معٮ& هدول كم ٮ=مٮSلوا عٮ&دي volume؟ أوكى/

 concentrated solution should be ا ال اها أٮ& to X مٮSلا to 5, 1 to 10, 1 to 20 1، معٮ&
 volume of ى/ ٮ=حسب، ٮ=حكى/ ال ح= ٮ= diluted to 1X of its current concentration. ڡ&

 to 1 ا حدا ٮ=يحكٮ5لي each part ٮ:ساوي total volume على total parts اللي هى/ X مٮSلا أٮ&
حكى/ 100 على 10،  ٮ= ا عٮ&دي total parts 10، وحكى لى/ مٮSلا حضري 100 مل، ڡ& اها أٮ& 10، معٮ&

د من  ا ڡ&ى/ عٮ&دي ٮ=دي أح& ؟ هلا ٮ=دي أحكى/ أٮ& ارة عن 10 مل. أوكى/ اها كل part هو عٮ= معٮ&
 add the ه، ٮ=دي أضٮ5ف علٮ5ه ٮ5عني concentrate المركز اللي هو 10 مل، ٮ=دي أضٮ5ڡ&

 X ا كم عٮ&دي أٮ& concentrated solution to X minus 1 volume of the diluent. ڡ&
هم على 10 مل من ال  اها عٮ&دي 90 مل وٮ=ضٮ5ڡ& ؟ معٮ& minus 1؟ 10 ٮ&اڡ:ص 1 9. أوكى/

 we add the small amount to the ؟ وٮ=العادة دائما concentrated solution. أوكى/
 volumetric أو ٮ=ال beaker ٮ5عني ٮ=كون حاطة 90 مل ٮ=الأول عٮ&دي ٮ=ال large amount

.concentrated solution من ال ML 10 ٮ=عدٮ5ها ٮ=ٮ=لش أضٮ5ف علٮ5ها ال flask
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Example: a dilution of 1:5, means that the concentrated solution 

should be diluted to 5th of its current concentration  

 

I have 100 ml solution of concentration 10%,  

Volume of each part= 100/5= 20 ml for each part  

Add 20 ml from concentrated stock to X-1 parts 

i.e.  5-1 = 4 parts  

 4 parts* volume of each part 

= 4* 20 ml = 80 ml diluent (final solution concentration is 2%) 

 

 
❖ Serial dilution: 

 

Serial dilution is used when you need a volume or amount that is too small to measure 

(example, prepare 0.00007 mg/ml, there are no balances to measure this small weight 

amount), options in this case is: 

 

1- Prepare larger volumes than what you need. 

2- Make a small volume of   a higher concentration and then perform multiple 

dilution steps (serial dilution) to reach the required concentration. A serial 

dilution is a stepwise series of dilutions which starts with a small amount of 

starting material and amplifies the dilution factor serially by using diluted 

material as a source for subsequent dilutions. 

 

Serial dilution advantages include: 

1- Saving reagents/spaces 

2- Used in experiments which require standard curve. 

 

✓ Serial two-fold and ten-fold dilutions are commonly used to prepare diluted 

analytes. Serial dilutions are also commonly used to avoid having to pipette very 

small volumes 

 

 

 

ذ  ا راح أضطر آح& ى/ أٮ& إما إٮ&
وزٮ&ة اللي هى/ الـ 

minimum اللي ٮ=سٮ:طيع 
ٮ5وزٮ&ها المٮ5زان وأضٮ5ف 
 volume علٮ5ها كمٮ5ة

داً، أضطر أحضر  ٮ5رة ح= كٮ=
100 لٮ:ر أو 200 لٮ:ر 

عشان أحصل على الٮ:ركٮ5ز 
ى/ إٮ5ش ٮ=عمل؟  هذا، أو إٮ&
ٮ=روح ٮ=حضر ٮ:ركٮ5ز عالى/ 

 ، لٮ5ل، أوكى/ م ڡ: ولكن ٮ=حح=
 multiple ٮ=عدها ٮ=عمل

 ،dilution steps
 serial ٮ=سمٮ5ها

dilution، عشان أوصل 
ا ٮ=دي إٮ5اه. للٮ:ركٮ5ز اللي أٮ&

 serial dilution هلا الـ
 stepwise ٮ=سمٮ5ه
 serial dilution،

 small amount of
start material، ٮ=ٮ&ضل 

 application ٮ&عمل
dilution، ٮ5عني ٮ=صٮ5ر ڡ&ى/ 

 dilution عٮ&دي الـ
ر، كل مرة  factor ٮ5كٮ=

ف ٮ=صٮ5ر ڡ&ى/ عٮ&دي الـ  ڡ& ٮ=ح&
ر،  dilution factor ٮ5كٮ=

لحد ما أوصل للٮ:ركٮ5ز 
ا ٮ=دي إٮ5اه اللي أٮ&

: ذٮ:ى/ أح&
1 mL من الـ stock

تي mL 9 ماء وضڡ&
mL 10 = /هائى م الٮ& صار الحح=

إذن:
DF = \frac{10}{1} = 10

ا المحلول 10 مرات ٮ& ڡ& ڡ& ٮ5عني ح&
ٮ&سمٮ5ها: ڡ&

1:10 dilution
ten-fold dilution أو

ا مٮSلاً  ى/ أٮ& كٮ5ف إٮ&ه ٮ&حن ٮ=ٮ&حضر شيء اسمه standard curve، إٮ&
ها  ة عشان أرسم مٮ& مس ٮ:راكٮ5ز من مادة معٮ5ٮ& ى/ ٮ=دي أحضر ح& ٮ=اح=

ا مش  هولة أٮ& ى/ أحصل على ٮ:راكٮ5ز مح= طٮ5ة وأسٮ:طيع إٮ& علاڡ:ة ح&
ٮ5ٮ:ها.  عارڡ&

👍 ٮ=عمل هٮ5ك 
.(mL لاً ٮ=الـSمٮ) م مريح داٮ5ة ٮ=حضر ٮ:ركٮ5ز مٮ:وسط ٮ=حح= 1.ٮ=الٮ=

طوة. طوة ح& ف ح& ڡ& 2.ٮ=عدٮ5ن ٮ=ٮ=لش أح&
 mL – 1) ٮ5عٮ5ة وسهلة ام طٮ= طوة ٮ=صٮ5ر أسحب أحح= 3.ٮ=كل ح&

mL 0.5 مٮSلاً).
ٮ5ر المطلوب 4.لحد ما أوصل للٮ:ركٮ5ز الصع�
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Example: 

I want to prepare various concentration of solution Y in the range of 1000 ng/ml to 

about 60 ng/ml, and the stock concentration is 1 mg/ml  

Answer: we cannot weigh any amount in nanogram, therefore a serial dilution is 

required. 

1- The first step: dilute the stock to get the highest primary concentration required 

(1000 ng/ml). This will be done by performing an initial 1: 1000 dilution. 

 

 

 

 

 

 

 

To prepare 500 ml of 1000 ng/ml (you can prepare any volume, e.g. 1000 ml, 250 ml, 

as long as your concentration calculation is correct): 

C1 * V1 = C2 * V2 

1,000,000 ng/ml * V1= 1000 ng/ml* 500 ml → V1 = 0.5 ml is required from stock + 

499.5 ml diluent. 

 

OR  

 

 

Then divide the volume required by the dilution factor: 

= 500 ml/1000= 0.5 ml from stock + 499.5 ml diluent. 

 

1 ml 0.5 ml 
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2- To obtain the range required, two-fold dilutions can be performed.  

For the first 1:2 dilution we would take 1 ml of the 1,000 ng/ml solution and add it 

to 1 ml of diluent in the next tube. This will result in a solution with a concentration 

of 500 ng/ml.  

This solution is then used in a subsequent or serial dilution by taking 1 ml of the 

previous 500 ng/ml solution and adding it to the next tube containing ml of diluent. 

This dilution will now result in a solution with a concentration of 250 ng/ml. This 

process is repeated until a final solution at a concentration near 60 ng/ml is made. 

In the example below, the highest dilution has a concentration of 62.5 ng/ml. 

 

 

 

 

 

The total dilution factor for any of the resulting solutions can be calculated by 

multiplying each dilution factor leading up to a particular dilution. For example if we 

wanted to find the total dilution for the 125 ng/ml solution: 

DFtotal= DF1 x DF2 x DF3 x DF4 

DFtotal= 1000 x 2 x 2 x 2 

DFtotal= 8000 

You can use the DFtotal to calculate the concentration from the stock. The stock is 

1,000,000 ng/ml/8,000=125 ng/ml. 

Note: you can use various volumes, add 0.5 ml from the dilution to 0.5ml, or 1 ml 

from the dilution you want to 1 ml, or 2 ml from the dilution you want to 2 ml, this 

depends on the volume you want for your experiment, and the diluent quantity 

available in your lab. 

 

 

1 ml 0.5 

م من الدٮ5لٮ5وت → ٮ:ركٮ5زه ٮ5صٮ5ر ٮ&ص الساٮ=ق م المحلول الساٮ=ق وٮ&ضٮ5ف ٮ&ڡ&س الحح= ذ ٮ&صف حح= أح& كل مرة ٮ=ٮ&
دًا على المٮ5ز ٮ5رة ح= طى/ كل الريٮ&ج المطلوب ٮ=دڡ:ة وسهولة ٮ=دون ما ٮ&ضطر ٮ&زن كمٮ5ات صع� الهدف: ٮ&ع�

:DF ٮ5ف لها ڡ& طوة ٮ:ح& كل ح&
 → (ng/mL 1000 إلى mg/mL 1 من السٮ:وك) طوة الأولى الح&

DF = 1000
DF = 2 → 1:2 اٮ&ويSٮ5ف ٮ ڡ& كل ٮ:ح&

ة وب، ٮ&ضرب كل DF ساٮ=ڡ: ٮ= هائى/ لأي أٮ& لحساب الـ DF الٮ&
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YouTube Link:    

Serial dilution 

https://www.youtube.com/watch?v=yYWFX4IXc5Y 

Drug reconstitution 
 
https://www.youtube.com/watch?v=8ECYuiHFObU 
Dosage Calculations Made Easy 
 
https://www.youtube.com/watch?v=TK3ZAaMuhYkhttps://www.youtube.com/w
atch?v=TK3ZAaMuhYk 
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Experiment 2 

Experimental applications on solution preparation and dilution. 
In this laboratory you will be preparing and diluting solution as per given in the lab. In 

all steps distilled water will be used as a diluent 

Using the following materials, prepare the solution below  

Materials  

• NaCl 
• KCl 
• Red buffer 
• 10% bromophenol blue stock (3mls) 
• H2SO4 
• Volumetric flasks (50 mL) 
• Digital balance 
• Graduated pipettes 
•           Pipette filler. 
• Distilled water 
• Test tubes  
• Erlenmeyer flask 
• Beaker 

 

1- Prepare 4 mls of 0.078% of bromophenol blue, given that the stock concentration 

is 10% bromophenol blue. Write down the procedure you followed in your report 

sheet. 

2- Prepare 50 ml of  20% w/v NaCl? 

 

3- Prepare 50 ml of 136.8 mM NaCl using the stock solution (20 % w/v) you 

prepared in the last step, knowing that the molecular weight of NaCl is 58.44 

g/mole. 

 

4- You have a 10X red buffer, prepare 10 ml of 1X buffer. 

 

5- Prepare 50 ml of 150 mM KCl knowing that the molecular weight of KCl is 

74.5513 

6- Prepare 50 ml of 0.2 N H2SO4, from a stock of 2 M H2SO4 found in the fume 

hood? 

 


