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SAFETY NOTICE 

This Tritium Monitor has been designed and tested in accordance with EN 61010-1.  To ensure that 
the monitor is used safely, follow all safety and operating instructions in this manual.  If the monitor is 
not used as described in this manual, the safety features of the monitor might be impaired. 

� Do not use the monitor unless it is fully assembled, housed inside the case secured with the 
screw fasteners it was supplied with. 

� Turn off the power and remove the plug connection from the AC power converter before 
removing batteries. 

� Make sure the battery covers are properly closed and secured. 

� Remove the battery from the monitor if the monitor is to be stored for long periods. 

� This instrument has not been designed for indiscriminate opening or disassembly of the internal 
parts. The bias voltage batteries are always connected to the ionization chamber cans, even 
when the instrument is switched OFF. The electronics contains highly sensitive 
semiconductors which are destroyed by even the slightest electrostatic discharge

� Not suitable for use in wet locations 

� Not suitable for use in explosion hazard environments 

� Refer to instruction label when connecting to the external jack for supplementary power input. 
DO NOT EXCEED 3.5VDC!  Use only the AC power converter that was supplied with the 
monitor.

SYMBOLS

The following international symbols are used with this manual and equipment: 

Important Safety Information in Manual

DC (direct current)
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1.0. INTRODUCTION 
 

The Model 400AC portable tritium monitor is a small, high sensitivity, hand held, rechargeable 
battery operated, and fully gamma-compensated survey meter with RS232 serial data output 
and user-recalibration features.  
 
Note: Do not use non-rechargeable batteries in the 400AC. 

 
1.1. PHYSICAL DESCRIPTION 
 

The Model 400AC uses four ionization chambers arranged in a cruciform pattern. Two 
ionization chambers, with a total volume of 400 cc, are used for measurement; the other two 
chambers, with an identical total volume of 400 cc, serve for gamma compensation. 
 
The sample stream is drawn through the ionization chambers by means of a small rotary vane 
pump, which is plumbed to the outlet of the furthest down stream ionization chamber.  It is 
recommended to always use a good quality particulate filter at the instrument sampling inlet to 
prevent entry of dust particulates. 

 
A large easy to read liquid crystal digital panel meter with a range from 0.1 to 1999.9 MBq/m3 
(3 to 54000 μCi/m3) is used for measurement display. Other units of measurement, such as 
μCi/m3, DAC and μSv/hr, or others may be specified by the user at time of requesting a unit. 
The instrument exhibits a basic sensitivity of the order of 0.1 MBq/m3, which it is able to attain 
due to the fact that it is immune to response to both radon, gamma, and cosmic ray noise. 

 
A pair of “D” size NiMH batteries supplies power.  NiCd batteries are not recommended, 
because of undesirable “memory” characteristics.  Onset of battery depletion is signaled by 
illumination of an red LED located next to the meter face. An external power supply can be 
used by attaching to a small receptacle located on the side of the instrument case.  When 
new, the batteries will fully charge in 10 hours time, and can power the 400AC for over 16 
hours (with the pump on).  The same LED also signals red when the high voltage power 
supply (HVPS) used for ionization chamber bias has a malfunction. 

 
A ten-position alarm selector switch, adjustable over partial scale 0.2 – 100 MBq/m3 is located 
on the front panel.  An OFF position is included.  An acoustic signaler emits a steady tone if 
the measurement exceeds the set point. An intermittent tone is heard if the sample air flow 
has been interrupted.  The acoustic alarm is silenced by a “MUTE” push button.  The alarms 
are non-latching. 
 
A toggle switch on the front panel switches the gamma compensation chambers ON/OFF.  For 
normal operation, the GAMMA COMPENSATION switch should be in the ON position. 

 
An RS232 serial data output has been provided. 
 
The instrument case is constructed of light weight aluminum. A handle is attached for hand 
held survey use. 

 
Gas flow connections are made externally to the instrument by appropriate attachment of 
flexible plastic hose. See Figure 3.  An external disposable in-line filter has been provided. 
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2.0. TECHNICAL SPECIFICATIONS, MODEL 400AC 
 
 
 MEASUREMENT DISPLAY 4 1/2 digit LCD 
  0.1 to 1999.9 MBq/m3 (3 – 54000 μCi/m3) 
 

 SENSITIVITY 0.1 MBq/m3 
 
 ACCURACY ±10% 
    
 GAMMA COMPENSATION four chambers in a cruciform pattern to completely eliminate 

errors due to external gamma radiation Gamma 
response less than 0.2 μCi/m3 per mR/hr.  

 
 GAMMA COMP. ON/OFF a front panel toggle switch allows the user to manually 

switch the gamma compensation ON or OFF. 
 
 RESPONSE RATE 30 seconds to reach 90% of final reading, 
   
 NOISE LEVEL ±0.1 MBq/m3, 1 S.D. (10 second electronic time constant) 
 
 ZERO STABILITY after 30 seconds (or less) warm up, zero drift   
 less than ±0.1 MBq/m3) 
 
 ALARM (ACOUSTIC) 1. ten position selector switch set point for   
   signal alarm 0.2 – 100 MBq/m3, steady tone.    
   An OFF position is included. 
  2. low flow produces an intermittent tone 
  3. Mute switch silences audible tone 
 
 ALARM (VISUAL) LEVEL: red LED; when tritium level exceeds set point 
 
  FLOW: yellow flashing LED; low pump flow 
 
  LOW BAT: red LED; D-cell batteries need to be replace 

  -AND- 
  HVPS: red LED illuminates to indicate a malfunction 

with the high voltage power supply (HVPS) 
used to bias the ionization chambers 

 
 EXTERNAL CONNECTIONS RS232 serial data output for tritium measurement,  
  level alarm status, and calibration 
 
 DUST FILTER in line disposable cartridge, Pall P/N 12082 
 
 SAMPLING SYSTEM 2 hose barb ports are located on the  
  front panel 
 
 PUMP miniature internal pump for 3 to 5 volume   
  changes per minute, typically 1.5 to 2 LPM. 
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 TECHNICAL SPECIFICATIONS, MODEL 400AC, continued 
 
 
 IONIZATION effective volume:     400 cm3 
 CHAMBER VOLUME port to port volume: 440 cm3 
 
 POWER two “D” size NiMH batteries, external jack for charging 
 
  Note: do not use non-rechargeable batteries! 
 
 ENVIRONMENTAL 0° C to +40° C 
  20 to 90 % R.H. Non-Condensing 
 
 CASE light weight aluminum 
 
 SIZE AND WEIGHT 7.6" L, 5.2" W, 6.9" H excluding handle,  
  6.5 lbs (3 kg) 
 
 ACCESSORIES  

• 2 “D” size NiMH batteries (installed) 
• Sniffer hose 
• Dust filter 
• 2.3 meter long cable for RS232 serial data. Mini-

DIN plug for J2 output connector at one end with 
DB9 plug for serial connection on other end 

• Power converter  
100-240 VAC, 50/60 Hz, .25 A to 3.3 Vdc @ 1.2A-
1.5A  
5.5 mm O.D. x 2.1 mm I.D. Plug 
Center pin is positive 
DO NOT SUBSTITUTE, use only the 
recommended power supply 

 
 CALIBRATION choice of two modes: Automatic Calibration ( with  
  included PC-based software ) and Manual Calibration 
  ( by adjusting a calibration potentiometer ). 
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3.0. CIRCUIT DESCRIPTION 
 

  
 
 
 
 
 
3.1. IONIZATION CHAMBERS 
 

In its simplest form, an ionization chamber is an enclosed volume with two electrodes. Voltage 
is applied between the electrodes, generating an electric field, which will segregate and collect 
electric charges, which are created by nuclear events occurring inside the chambers. Nuclear 
events may consist of ionization of air molecules by external or internal alpha, beta or gamma 
radiation. 

 
The 400AC monitors are designed to measure tritium. Activity of tritium decay is such that a 
concentration of 1 μCi/m3 in a volume of one liter will generate an ionization current of about 
0.95 x 10-15 amperes. This is a very weak current. 

 
Alpha pulses from naturally occurring radon, are much more energetic, they can produce short 
current bursts of up to 10-13 amperes during decay, and therefore appear as large noise 
"spikes" which can seriously impair tritium measurement. 

 
Gamma radiation also has a strong effect. In practice, a gamma radiation field of 1 mR/hr will 
create approximately the same amount of ionization as 90 μCi/m3 of tritium. 

 
A tritium monitor, in order to measure to low concentrations, must be able to respond only to 
tritium and be immune to alpha or gamma radiation. For this purpose, a second ionization 
chamber system has been included to balance out any ionization current contribution from 
external gamma radiation. 

 
In the 400AC instruments, the four ionization chambers are arrayed in a cruciform pattern, 
ensuring almost perfect gamma compensation in all directions.  

 
The ionization chamber polarizing voltage is supplied by an electronic high voltage power 
supply. The surfaces of the ionization chambers have a thin coat of paint for insulation, but it is 
best to avoid touching them. 

 
3.2. ELECTROMETER 
 

Also known as a transimpedance amplifier, it serves the purpose of converting the extremely 
feeble ionization current into a voltage suitable for further signal processing and measurement 
display. 

 
The heart of the electrometer consists of a specially selected dual ultra high impedance 
semiconductor device which has been chosen both for ultra low internal current leakage as 
well as long term d.c. stability.  

 
In the 400AC instruments, the electrometer is directly attached to the ionization chamber 
cluster and is protected by a rectangular metal cover. 
 
 

 
 
 

CAUTION: This instrument has not been designed for indiscriminate opening or 
disassembly of the internal parts. The bias voltage batteries are always connected 
to the ionization chamber cans, even when the instrument is switched OFF.  It 
contains highly sensitive semiconductors which are destroyed by even the slightest 
electrostatic discharge 
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3.3.  SIGNAL PROCESSING AMPLIFIER 
 

A single printed circuit board attached directly to the front face of the instrument contains all 
power supply and signal processing electronics. 

 
Proprietary circuitry is used for the recognition and elimination of transient signals due to 
radon or high-energy cosmic ray pulses.  The 400AC instruments, with digital display, use a 
dedicated internal circuit to disable the pulse rejection circuit when the measured signal 
reaches approximately 3.0 MBq/m3 (60 μCi/m3).   

 
An OFFSET control is furnished in order to adjust the reading to zero in case of offsets caused 
by tritium contamination of the chambers or otherwise. 

 
A front panel control has been provided for adjustment of the set point (level) at which the 
acoustic alarm is desired to sound. The acoustic signaler has the second function of alerting 
the user that sample gas flow is impeded. 

 
All power supplies are regulated. A small warning LED on the front panel will illuminate when 
the battery terminal voltage has dropped to about 2.2 V.  This signals that the batteries should 
be recharged  – WITHIN 1 HOUR AFTER THE WARNING LED ILLUMINATES.  It will also 
illuminate when the high voltage power supply (HVPS) operates outside of specified voltage 
range. 

 
Two plug and jack connections are found on the sides of the instrument. One is for an external 
charger for the NiMH batteries, and the other is the RS-232 cable connection to a personal 
computer. 
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3.  Calibrate the 400AC:  
 
 
a. Start Calibration: 

      
Calibration ->  
Start Calibration 

 
       
 
 
 
b. Set the Calibration Source to “Gamma”. 
Enter the Reference Value that you were 
asked to calculate in section 6.2.  
 
 
 Note: for gamma calibration, the 

reference value is multiplied by a 
conversion factor of 76 uCi/m3 per 
mRem/h. To use a different conversion 
factor, click this button: 

 
 You are permitted to enter a new 

conversion factor between 70 and 90 
 uCi/m3 per mRem/h ( or between 7 and 9 

uCi/m3 per uSv/h.). 
  
 
c. Click “OK”. Wait approximately 6 minutes while the software displays a 1, 2, and 3, then hit 
“Accept” or “Reject” to accept or reject the results of the calibration.  
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6.4 CALIBRATION SOFTWARE FRONT PANEL 
 
 
Concentration (large field): Displays the one-second average value of tritium concentration. 
Average Concentration: Displays the 60-second average value of tritium concentration. 
Reference Value: Displays the user-entered radiation value of the test source. 
 
 
 
 
 
 
 
Alarms: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Alarms: 
   High Tritium Alarm: Will be red when the measured tritium value exceeds the 400AC alarm set point. 
 
   Low Flow Alarm: Will be red when the pump is not working correctly. 
 
   Power Supply Fault Alarm: Will be red upon a failure of any of the three internal power supplies. 
 
   High Voltage Battery Alarm: Will be red if the high voltage battery needs to be replaced. The high 

voltage battery check is done once when the 400AC is powered ON. The results of this check are 
transmitted in each packet thereafter, but the high voltage battery is not checked again until the 
400AC is powered OFF and then ON again.  

 
Battery Charge Remaining: approximate time. When new, the batteries will fully charge in 10 hours 
time, and can power the 400AC for over 16 hours (with the pump on).   
 
Other Fields: 
   Sequence Number: the 400AC tags each packet it sends with number, starting at 0 on powerup. 
   Packets Received: the number of packets received by the calibration program. 
   400 Serial Number: the 400AC sends its serial number in the packet. 
   Volatile DCP: The “temporary” test value of the DCP, which is used during calibration. 
   Non-Volatile DCP: the “permanent” value of the DCP, which is set when calibration completes. 
   Microcode Version: version of code contained in the 400AC’s microprocessor. 
 
    

History: a 
buffer of the 
past 50 
tritium 
values. The 
newest 
value is at 
the top. You 
can change 
the size of 
this buffer in 
the text box. 

Calibration 
Panel: 
shows the 
stage of 
calibration, 
and the 
number of 
seconds 
remaining in 
that stage. 
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6.5 CALIBRATION SOFTWARE MENUS 
 
 

       
 
 
  Starts a calibration. 
  Restores the DCP to its midpoint ( 127 ),   
   which is the factory default setting.  
  Prints a calibration report that has already   
   been created and saved. 

 
  
 
 
 Allows entry of source value, conversion   
  factor, and preferred units. 
 See the next section for an explanation  
 Changes the COM port number. 
 Digitally Controlled Pot value ( 0 – 255). 
 Lists any communication or program errors. 
 Not of interest to users. 
 Switches it off or on. 
 

 
As of Version 1.5, an additional “Version” menu choice next to “Settings” displays the software 
version number. 
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6.6 CALIBRATION REPORTS 
 
NOTE: Microsoft Word 2003 or later is a requirement for generating calibration reports. A sample 
calibration report appears at the end of this manual on page 26. 
 
Calibration Reports are initially disabled. You can enable calibration reports to be generated, 
automatically, by displaying the Calibration Report Information Form in the menus: Settings - > 
Calibration Reports. There are several fields into which you can enter information to be included in 
the report. 
 

  
       
 
A check here enables report generation. 
 
Source Isotope 
 
Source ID number 
 
A check here means yes. 
 
Your name. 
 
Automatically print a copy; “ask” will give 
you a choice. 
 
 
 

 
 
 
Finished calibration reports are stored in subdirectories under My Documents -> 400 Calibration 
Reports. These subdirectories are named by year: 2008, 2009, etc. 
 
The Calibration Reports are Microsoft Word files. By default, reports are given filenames which are 
the serial number of each 400AC. Example: 3547.doc. A form will be displayed after each successful 
calibration, allowing you to specify a different report filename ( you can hit <return> to use the 
default name ). Calibration files are not overwritten – duplicate filenames will be prevented by using 
version numbers, such as 3547_1.doc, 3547_2.doc, etc.  
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6.7 HOW THE GAMMA CALIBRATION SOFTWARE WORKS 
 
 
There are 3 stages of calibration. Each stage takes 2 minutes, for a total of 6 minutes. When 
calibration is complete, a “Digitally Controlled Potentiometer” (DCP) is set within the 400AC. 
 

1) In Stage 1, the DCP is set to its maximum value. The instrument reading is allowed to settle. 
A measurement is then taken. 

2) In Stage 2, the DCP is set to its minimum value. The instrument reading is allowed to settle. 
A measurement is then taken. 

3) Using the results of Stage 1 and Stage 2, a value is calculated so that the instrument will 
read the expected value of the reference source. The DCP is set to this value for Stage 3, 
and the instrument is allowed to settle one last time  

 
After stage 3 finishes, you are asked to accept or reject the results of the calibration. Compare the 
Average Concentration field with the Reference Value field - the final readings should be very close 
to each other. If you accept the results, the DCP will be set to the new value. If you reject the results, 
the DCP will be reset to the value it contained before the calibration attempt. After you accept or 
reject, the 400AC’s compensation chambers are switched back online, and the readout value will 
then decrease to nearly zero. 
 
Note: Do not change the DCP value after the 
calibration is finished! 
 
Note: When calibration fails, it is usually because the 
DCP could not be set because the reference value 
was out of range. An error form will display the range 
of reference values over which the 400AC can be 
calibrated. 
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6.8  TRITIUM GAS CALIBRATION 
 

The user is not only limited to calibration with a gamma source.  The tritium gas calibration 
method requires an apparatus called a gas calibrator.  The manufacturer of the gas calibrator 
generally provides instructions for the use, and these should be followed. 

 
 Some general hints can be given; 
 

It is important that the calibration sample be well circulated through the entire calibration 
system loop. 

 
 Adequate time should be allowed for the system pressure and temperature to come to 
 equilibrium, and that no excess pressure is built up. 
 

The inclusion of a previously calibrated "master" or "reference" tritium monitor in the sampling 
loop is highly recommended. 

 
 The calibration can actually be repeated for several levels of tritium activity. This is not done to 
 verify the linearity of the tritium monitor (which is highly linear) but to ensure that the 
calibration process itself is free from subtle errors.  

 
 
 
6.9 TRITIUM GAS CALIBRATION PROCEDURE 
  

 The procedure is the same as for Gamma Calibration, with one difference: the Calibration 
Source should be changed to “Tritium Gas” in the Reference Source Information form in step b.  
 
 
 

6.10 A FINAL NOTE ON CALIBRATION 
 
Normally calibration is adjusted with a digital control potentiometer and the calibration 
software that has been provided with the instrument.  There is a hardware calibration 
potentiometer, however it should not be adjusted.  It is located behind the Phillips screw 
adjacent to the letters  CAL that are silkscreened on the front panel. 
 
Large changes in calibration are evidence of malfunction.  The instrument may be returned to 
the factory for service.   Contact us by Telephone (513) 248-2400, by Fax (513) 248-2402 or 
Email support@overhoff.com 

  



 Page 19

7.0.  MAINTENANCE 
 

Overhoff 400 series portable instruments have been designed for many years of trouble free 
service. 
 
OPERATOR MAINTENANCE 
 
The following operational checks may be performed at daily, weekly or monthly intervals to 
suit. 
 
Inspect dust filter for excessive dust build up.  Check the flow rate.  Does the pump have 
sufficient flow such that the Low Flow Alarm is not indicated when 10ft of the sniffer hose is 
connected to the inlet of the dust filter? 
 
GAMMA CHECK, If a tritium monitor has previously been calibrated by any other method, gas 
or gamma, a low intensity gamma radiation source check can be used as a quick verification 
of monitor performance.  On the side of the instrument case towards the front which is the 
defined location for “GAMMA CHECK”.  When using the identical gamma check source, at the 
defined spot, it should always produce the same instrument response, provided, of course, 
temperature and pressure variations are taken into account.  This source check may be 
performed at a frequency of your choice, it could be daily, weekly or monthly. We recommend 
a low intensity gamma check source of the type which is commonly intended for G-M counters 
or other survey instruments.  For example; a 10 micro Curie, Cesium-137 check source should 
be sufficient for a monitor reading of 100-200 μCi/m3.  
 
IMPORTANT: Do not adjust the calibration when performing a gamma check. 
 
Manipulate the alarm set point potentiometer to verify correct functioning of the alarm. 
 
If the instrument is suspected of DRIFT, the zero reading may be verified.  This should be 
done by an instrument engineer or technician. 
 
 
SUPERVISORY MAINTENANCE 
 
The following tasks are the responsibility of the supervisory engineering staff. 
 
1. Calibration verification is to be performed at yearly intervals, or as otherwise specified. 
2. Response checks (in case of need for cursory verification of the operational status of the 

ionization chambers and of the whole system), of the system may be tested by using a low 
strength gamma radiation check source. This must be done under the strict supervision of 
a health physicist.  The gamma source is brought into proximity of each ionization 
chamber and the response is observed.   

 
FACTORY MAINTENANCE 
 
A determination that the system appears to have suffered a functional failure should require 
that the factory be notified (telephone (513) 248-2400, facsimile (513) 248-2402).  Engineering 
assistance via telephone or facsimile, will be supplied by the manufacturer OVERHOFF 
TECHNOLOGY CORPORATION. 
 
Should it appear to be necessary to return the instrument to our factory, authorization for the 
return must be obtained from Overhoff Technology Corporation prior to shipping.  In-freight 
charges will be borne by the customer. 
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Very little maintenance is required for the 400AC tritium monitors, but some periodic attention 
may be necessary, especially if the instrument is to be used in adverse environments. 
 

 Pump life is in excess of 1000 hours of actual use; ensuring that the instrument is operated 
only with dust filters in line preserves its life. 

 
 When not in use, the monitor should be stored in a cool dry environment. 
 
 
7.1.  D-CELL BATTERY REPLACEMENT 
 

The Model 400AC uses (2) “D” size NiMH batteries. The batteries will need to be recharged 
within an hour after the low battery light illuminates.  A cover has been installed over each 
battery holder in the attempts to minimize the chance of accidental replacement using non-
rechargeable batteries. Do not use alkaline or carbon-zinc cells. 
 

NOTE: USE ONLY NiMH BATTERIES IN THIS INSTRUMENT. 
 

 Step 1. Remove Case 
Remove the three phillips head screws on the bottom of the Model 400AC. The case can now 
be removed allowing access to the battery cover mounting screws.  It may be necessary to 
disconnect the sample tube attached to the filter outlet.   
 

This instrument contains components that are easily destroyed if the case is opened 
and handled without proper precaution.  If damage occurs during battery replacement 
the repair will not be covered under warranty.  Avoid touching the ionization chambers 
and the PCB to reduce the risk of damage. 

 
 
 Step 2. Remove Battery Covers 

The battery covers are fastened in 
place by two phillips head screws.  
Remove these two screws and the 
cover to gain access to the battery tube 
cap. Do not remove the two hex nuts.  
 

 Step 3. Replace Batteries 
Access to the batteries is made by 
twisting off the caps located on the 
front panel of the instrument. 
 

 Step 4. Installation 
Installation of the battery caps, battery 
covers and case is the reverse of 
Steps 1 and 2. 
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8.0. SERVICE AND SUPPORT 
 

This instrument contains highly sensitive semiconductors which are destroyed by even the 
slightest electrostatic discharge if the case is opened and the instrument is handled without 
proper precaution. 

 
 Special training can be given to qualified technical personnel who are entrusted with 

instrument service and repair responsibility. 
 
 Warranty is void if maintenance or repair (other than that which is listed in this manual) is 
 performed by an unauthorized repair facility. 
 

OVERHOFF TECHNOLOGY CORPORATION 
Telephone (513) 248-2400 
Facsimile  (513) 248-2402 

Email: support@overhoff.com 
 
 
9.0.  WARRANTY 
 

All instruments built by Overhoff Technology Corporation are warranted to perform as claimed. 
 

Defective components or workmanship of the instrument will be corrected free of charge for 
parts or labor within a period of one year from delivery. Nonperformance of the instrument as 
a result of negligence on behalf of the customer is not covered by this warranty. 

 
 Should it appear to be necessary to return the instrument to our factory, authorization for the 
 return must be obtained from Overhoff Technology Corporation prior to shipping. In-freight 
 charges will be borne by the customer. 
 
 
10.0. REPLACEABLE PARTS 
 

The following parts and components are disposable items and may be obtained from Overhoff 
Technology Corporation or from any original supplier: 

 
   Battery, primary power "D” size, NiMH, 10,000mAh, (qty 2 req’d) 
 
   Dust Filter Pall No. 12082 
    
   Ionization Chamber Can P/N 1020686 
    
   Pump  P/N 50084 
    
   Sample Inlet Brass, P/N 22BH-4-2 
   Hose Barb 
 
   Sample Outlet Brass, P/N 230-4-2 
   Hose Barb  
    
   Panel Meter P/N DMO-742W 
    
   AC power converter  KPTS05-03315U 
 
   RS232 Cable J2-400AC-1M (2.3 meter length cable is standard, a 

maximum length of 15 meters is available)














