
SOP: Microbia l Biomas s  C and N: s equentia l fumiga tion- 
extrac tion  (ch lo roform gas ) 

Overview: 
 This  s tandard opera ting procedure  (SOP) describes  a  protocol for de te rmining the  C 
 and N within soil microbia l biomass  via  chloroform fumiga tion. The  method was 
 origina lly reported by Vance , Brookes , and Jenkinson (1987). The  dominant (de fault) me thod is  to 
use  0.5 M K2SO4  for extraction, while  adapta tions  can be  made to use  2.0 M KCl.  In addition, 
correction factors  for e s tima ted proportion of microbia l C/N in CO2 are  not used in this  SOP. Key 
ins truments  a re  des icca tors , shaker table , and liquid C and N ana lyzer. A key sa fe ty cons ide ra tion is  
the  use  of a  fume  hood during chloroform fumiga tion. Soils  tha t a re  fie ld-mois t a re  a lways  used. 

 

 

Safe ty: 
All s tandard sa fe ty protocols  and online  sa fe ty tra ining via  UIUC Divis ion of Resea rch 
Safe ty (DRS) a re  required. 
Pe rsona l protection (PPE) for this  procedure  include : 
Eye  Protection: Labora tory glasses  or goggles  
Body Protection: Labora tory coa t Hand Protection: 
Nitrile  gloves  
Particula rly hazardous  subs tances : Chloroform 

- Do not inha le , swallow, or a llow contact with skin. 
- IF SWALLOWED: Call a  POISON CENTER/doctor if you fee l unwell. 
- ON SKIN: Wash with plenty of water. 
- IF INHALED: Remove  person to fresh a ir and keep comfortable  for brea thing. Call a  
 POISON CENTER/doctor. 
- IF IN EYES: Rinse cautious ly with water for severa l minutes . Remove contact lenses , if 
 present and easy to do. Continue  rins ing. 
- IF exposed or concerned: Get medica l advice/ a ttention. 

Specific de ta ils  on this  subs tance  a re  incorpora ted in the  De ta iled  Procedure  be low. 

Ins trumenta tion  & Cons umables : 

Sample  prepara tion 

• Analytica l ba lance  capable  of we ighing to two decimal places  

• 50 mL disposable  polypropylene  centrifuge  tubes  (Fa lcon tubes) 
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16 h fumigation 
with chloroform gas 

1 h extraction 
with 0.5 M K2SO4   

 

Analysis with liquid 
TOC/TN analyzer 
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•  Centrifuge tube racks 

Fumiga tion  

• Fume hood with vacuum line  and hose  

• Empty des icca tor(s ) 
o Size and quantity dependent on number of samples 
o Remove wire plate and desiccant 

• The rim and cover should be lightly greased with vacuum grease 
• 100 mL beaker(s) (one per desiccator) 
•  Boiling chips 
• Chloroform (liquid) 

o Chloroform should be handled only under the fume hood, while wearing 
gloves 

 o Refer to safety section above 
• Rubber bands 
• Oil-based pencil 

o Although optional, this is recommended for labeling Falcon tubes. Regular 
sharpie labels may become hard to read after fumigation  
 

• Parafilm sealing film 

Extraction  

• 50 mL disposable polypropylene centrifuge tubes (Falcon tubes) 
o A second set of tubes are needed for the filtered extractions. It is 
 recommended to have these organized and labeled before the time of 
 extraction. 

• 50 mL dispensette 
• 0.5 M K2SO4 (NOTE: 2.0 M KCl can a lso be  used) 

 o  If made in ba tches , combine  before  use  
 o  S tore  in a  closed conta ine r indefinite ly a t room tempera ture  

• Shaker table  
• Whatman 70 mm filte r paper, grade  42 
• Centrifuge  

Ana lys is   

• Liquid TOC/TN ana lyzer 

Detailed  Procedure : 
I. Sample  Prepara tion  

1. Measure  6.00 ± 0.05 g oven-dry equiva lent of fie ld-mois t soil into Fa lcon 
 tubes . Each soil sample  mus t include  a t leas t 1 replica te  for fumiga tion 
 and 1 replica te  for the  non-fumiga tion control. If poss ible , include  2-3 
 replica tes  pe r sample . 
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 i. The mass of the soil is based on the 1:5 soil (g) to K2SO4 (mL) ratio; 6 
 g oven-dry equivalent may be used with 30 mL K2SO4 
II. Fumiga tion  

1. P lace  the  des icca tors  under the  fume hood. With the  ventila tion sys tem 
 on, pour 30-40 mL of chloroform (note : you may need to increase  volume 
 for la rge r des icca tors ) into 100 mL beaker with a  thin layer of boiling chips , 
 and place  one  beaker in each of the  des icca tors . 
2. Wrap rubber bands a round 7 Fa lcon tubes  in a  honeycomb pa tte rn (see  
 pictures  be low). P lace  rubber-banded, uncapped tubes  into the  
 des icca tors . Pack them tightly to prevent spills . 

i. Include  1-2 soil-free  blanks  (empty tubes) in each des iccator to 
 account for any contamina tion during fumiga tion, extraction, and 
 filtra tion s teps . 
ii. Do not th row away the  caps ; these  will be  needed for the  

extraction. 

3. P lace  the  des icca tor cover on with a  tight sea l by s liding it horizonta lly 
 a long the  rim. Depressurize  the  des icca tor. 

i. With the  des iccator’s  vacuum nozzle  open, connect the  hos ing and 
 turn on the  vacuum flow. Le t run for 1-2 minutes; bubbles  should 
 begin forming in the  chloroform. 
ii. With the  vacuum still running, close  the  vacuum nozzle  tightly. A 
 vacuum should be  pulled within the  des icca tor. Turn off vacuum 
 flow and remove hose . 

 1. Bubbles  should continue  to form afte r sea ling the  des icca tor 
 iii. Allow to res t for ~30 minutes  and re lease  pressure  to lis ten for a  
 hiss ing sound, to ensure  a  proper sea l. Re-vacuum the  sys tem by repeating  
                the  above  two s teps . 
 1. Optiona l: wrap pa ra film a round any potentia l a reas  of 
 leakage , including the  rim of the  des iccator, rim of mobile  
 head of des icca tor, and vacuum hose  connection point. 
4. Fumiga te  for 16 hours . Cover fume hood sash to prevent chloroform 
 degrada tion by light. 
 i. Non-fumiga ted controls  can be  s tored a t 4ºC in da rk during this  time. 
5. Afte r 16 hours , repressurize  des icca tors  by opening the  nozzle . 
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i. Listen for a hissing noise when breaking the seal. If there is no 
 sound, the vacuum was likely broken early. The fumigation will 
 need to be repeated. Also, make sure there is some chloroform 
 remaining in the beakers, as this confirms that there was enough 
 chloroform for fumigation overnight. 
ii. Open the desiccator and remove the chloroform beaker, then 
 vacuum at least 8 times to ensure no chloroform is left in the 
 samples. Then allow desiccators to vent with the cover off for ~20 
 min before removing samples. 
iii. Dispose of remaining chloroform into a capped waste jug. Do not 
 dispose of boiling chips, as these can be re-used. Chips must be fully dry prior       
      to reuse.  

III. Extrac tion  
1. Us ing a  dispense tte , add 30 mL of 0.5 M K2SO4 to the  fumiga ted replica tes , 
 non-fumiga ted replica tes , and true  blanks . 

i. Remember to use  1:5 ra tio of soil (g) to KCl (mL); 30 mL KCl can 
be  used for 6 g oven-dry soil 

2. Recap tubes  and place  on the  shaker table  (low se tting – 120 rpm) for 1 
 hour. 
3. While  extractants  are  shaking, fold filte r paper (mus t be  grade  42) into 
 funne ls  on each of the  labe led filtra tion tubes . This  can be  done  by folding 
 the  circula r filte r paper into quarte r-circles , then opening from the  top and 
 press ing into tube  (see  pictures ). 

 

4. Afte r 1 hour, remove  tubes  from the  table  and pour the  extractants  through 
 the  filte rs  until 15 mL of clea r solution has  accumula ted. If extractants  a re  
 not clea r a fte r filtra tion, repea t the  process  with a  new tube  and filte r 
 paper. Centrifugation prior to filtration is not necessary but highly 
 recommended for time efficiency. 
5. Extractants may be stored at -20 ºC for 2-4 weeks prior to             
     analysis, but analysis on freshly extracted samples is highly  
     recommended. 

 
 IV. Analysis  and calculations  

 Measurements of microbial biomass C and N are usually expressed in units of mg 
 C or N kg-1 soil. For a description of MBC/N analysis using a liquid TOC/TN 
 analyzer, please see the SOP for the TN and NPOC analyser . See 
below for preparation needed before analysis: 
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1. Extractants  mus t be  diluted 1:5 us ing de ionized wa te r (18.2MΩ-cm wate r if 
poss ible ) due  to the  high sa lt concentra tion. 

 
2. P ipe tte  5 mL of your diluted extractants  into clean, labe led via ls .  
 
Use  the  example  ca lcula tions  in the  SOP of TN and NPOC analys er to   
express  your results  in kg C or N kg-1 soil. 

V. Clean  up  
1. Dispense tte s  should be  cleaned immedia te ly afte r use  to prevent crys ta l 
 formation. Re turn to maximum volume, then pump de ionized wate r 5-10x. 
 Empty and a llow to dry be fore  s toring. 
2. If the  centrifuge  was  used, remove  Fa lcon tube  holde rs  and wipe  away 
 any liquid a t the  bottom. If K2SO4 crys ta lizes  a round the  tube  holde rs , they 
 can be  extremely difficult to take  apart and change  tube  s izes . 
3. Dispose  of remaining chloroform in a  capped was te  bottle . 
4. Any remaining 0.5 M K2SO4 solution may be  dra ined in the  s ink a fte r diluted 
 20x and flushing the  s ink with 1-2 L of tap wa te r afte r 
5. Fa lcon tubes  and filte rs  may be  thrown away in regula r tra sh bins  

References : 
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Cita tion : 
SOP: Microbia l Biomass  C and N. 2021. Soils  Lab, Univers ity of Illinois  Urbana- 
 Champaign. Urbana , IL. Accessed a t: 
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Ques tions  can be  directed to Andrew Margenot a t margenot@illinois .edu 
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