LASER ACCIDENTS IN RESEARCH CASE REPORTS

This appendix outlines five real accident cases. Four are from a research setting, and one is from the medical area.

Case 1. Electrical Laser Accident 

A researcher was working on a home-built 5-watt CO2 laser, replacing and tuning a new tube. The system was obtained from another group. The researcher was unaware that the end caps were energized and, during the tuning process, he made contact with the palm of his left hand on the end cap and his thumb on the (ground) support bar. He received a painful shock from approximately 15,000 volts at 20 mA DC. The researcher was treated for injury to his hand and wrist, and the pain (severe) lasted several days. Once again these nonbeam hazards can be the deadliest and tend to sneak up on one, for the user is not focusing on them while involved in other activities. This is especially true when working on equipment one is not completely familiar with. 

Case 2. Los Alamos Laser Accident 

A postdoctoral employee received an eye exposure to spectral radiation from an 800 nm Class 4 laser beam. The extremely short pulse (100 fs) caused a 100-micron-diameter burn in the employee's retina. The accident occurred shortly after a mirror was removed from its mount and replaced with a corner cube during a realignment procedure. Although the beam had been blocked during several previous steps in the alignment, it was not blocked in this case. The employee was exposed to laser radiation from the corner cube mount when he leaned down to check the height of the mount. Neither of the two employees performing the alignment was wearing the appropriate laser eye protection. The system had two modes of operation: 10 Hz and 1,000 Hz. In addition, the researcher forgot that the part of the 800 nm beam he could see represented only 1-2% of the beam. 

Case 3. Livermore Falcon Project Laser Accident

A researcher was working alone in the Falcon laser laboratory (an activity in the Physics Directorate), aligning a Nd:YLF laser producing 40 mJ pulses at 1 Hz and 1,053 nm. Falcon is a Ti:sapphire laser using chirped pulse amplification and pulsed recompression to produce peak-power levels in excess of 20 TW. Falcon will interact with a pulsed high-current 100 MeV electron beam to generate subpicosecond pulses of keV radiation. At the time of the accident, two lasers were operating: a 820 nm Ti:sapphire and a 532 nm pumped Nd:YAG operating at 10 Hz and 100 mJ/pulse. The researcher had "lowered" his eyewear to aid him in alignment. As he was placing a sensor card in the beam he heard a noise from somewhere the lab. He walked around the optical table to investigate and was struck by a stray laser beam that came off a polarizer deflecting the laser from the plane of the table. The researcher had removed a beam block from the polarizer to clean it and had failed to replace it; this was one of several stray beams in the lab. The researcher received an injury to his right eye from a single-pulse 1.6 mJ, 10 ns, 1,053 nm beam. The system was in low-power mode. He broke several blood vessels in his eye, resulting in blood pooling and obstruction of vision. He had a damaged area of 800 microns in his eye. This group had been warned earlier about failure to wear eyewear. The lead researcher took the position that experienced users could operate without eyewear in low-power mode, despite the fact that it violated their SOP. Plans to install beam enclosures and beam blocks had been put off by the lead researcher until program milestones were achieved. 

Case 4. Brookhaven National Laboratory

On April 22, 1999, at the Brookhaven National Laboratory, safety personnel found that a laser interlock for an experiment on one of the beam lines at the National Synchrotron Light Source had been taped closed, thus allowing bypassing of the intended interlock function. Two visiting researchers (trained and qualified in the use of the laser) had bypassed the interlock to determine if the laser was operating properly. While the interlock, which prevents personnel exposure to the laser beam, was bypassed, the researchers held a screen that was sensitive to the laser wavelength in the path of the laser beam and watched the screen fluoresce. The laser operating procedure clearly states that bypassing the interlock is forbidden. (ORPS Report CH-BH-BNL-NSLS-1999-0003)

Case 5. Airway Fire

During laser surgery on a patient’s vocal cords, the surgeon struck the endotracheal tube with a pulse from a CO2 laser. The tube, which carries oxygen to the patient and runs through his mouth to his lungs, was not made of laser-resistant material. Instead, it was made of polyvinyl chloride (combustible to both Nd:YAG and CO2 lasers). It caught fire and filled the man’s lungs with toxic smoke, causing burns. The patient did not survive the procedure.

In general the anesthesiologist has only six seconds to recognize that a tube has ignited and remove it before the fire peaks. Once ignited, the tubes are as hot as an oxygen lance used in welding. Oxygen flow through tubes can be up to 40 liters per minute. The flame can reach a length of 5 to 10 inches. Laser beam interaction with secondary materials is a known source of laser incidents. This sort of unplanned interaction is a danger one needs to think of beforehand. Laser safety is not just wearing the correct eyewear.

