METHODS FOR COLLECTING DATA ON HYDROGEN SULFIDE IN GROUND WATER

DURING THE NAWQA PROGRAM AND ENTERING THEM INTO NWIS

By Jack Barbash (methods), and Rick Bell (coding), September 5, 2002
Revisions:
  July 2005 
-replaced “dissolved sulfide” with “hydrogen sulfide” to avoid confusion caused by requirement for analysis on unfiltered samples only
    -added note that “unfiltered”, rather than “filtered”, samples are       required
  March 2006 
-replaced URLs for field kit instructions (Hach and Chemetrics) with valid URLs (previous ones were no longer valid)

-added note about converting Hach results from μg/L to mg/L for entry into NWIS and a recommendation for reporting the method detection limit
   September 2006
     -added parameter names to table 1

Study units have used several approaches for collecting data on the occur​rence of hydrogen sulfide (a term used here to refer collectively to H2S, as well as its two deprotonated forms in solution, HS- and S2-) in ground water during the NAWQA Program.  These include the use of field kits, silver/sulfide specific-ion electrodes, and field precipi​ta​tion followed by lab titration. (The latter method was discontinued by the NWQL in 1997.)  Additionally, some study units have recorded in their field notes that the presence of hydrogen sulfide was noted by its charac​teris​tic "rotten egg" smell during sampling.

This document provides the parameter, remark, and method codes needed to enter NAWQA data on hydrogen sulfide in ground water into NWIS, as well as descriptions of the different methods that either have been, or might be used for the collection of these data during the NAWQA program.
Please note, however, that although the analytes of interest (i.e., H2S and its two deprotonated forms) occur in a dissolved state when they are present in ground water, the sampling method required for the NAWQA program involves conducting these analyses on unfiltered, rather than filtered samples.  While it is recognized that this approach might lead to interference from solid-phase sulfides that may be present in some ground waters, the risk of introducing dissolved oxygen to the sample during filtration--and the resulting oxidation of sulfide--is deemed to be of greater concern.  Thus, although the analytes of interest to these methods will, strictly speaking, be present in a dissolved state, the analyses are to be conducted on unfiltered samples.
Parameter, Remark, and Method codes used to enter hydrogen sulfide data into NWIS

In the past, NAWQA has not had a procedure for populating NWIS with hydrogen sulfide data collected by study units; as a result, these data have not yet been nationally aggregated.  However, new methods have recently been developed for storing hydrogen sulfide data in NWIS.  Table 1 summarizes the parameter, remark, and method codes to be used for entering hydrogen sulfide data into NWIS for samples collected using any one of the following approaches:

  1. Hach field kit

  2. Chemetrics field kit 

  3. Silver/sulfide specific-ion electrode

  4. Serendipitous sniff test 
         (a) Un-acidified sample

        (b) Acidified sample

  5. Field precipitation/Lab titration (discontinued in 1997 by the NWQL)

Descriptions of these methods are provided in the next section.

Table 1. Codes used to enter hydrogen sulfide data into NWIS (updated

with pcode 99119 [which replaced 99118] in May 2003)

	Approach
	Parameter code
	
Parameter Name
	Remark  

code
	Method 

code

	1. Hach field kit
	99119
	 Sulfide, water, unf, field, mg/L
	 
	A

	2. Chemetrics field kit
	99119
	 Sulfide, water, unf, field, mg/L
	 
	B

	3. Silver/sulfide ion-selective electrode
	99119
	 Sulfide, water, unf, field, mg/L
	 
	C

	4. (a) Serendipitous sniff test, un-acidified
	 
	
	 
	 

	detect
	718751
	 Sulfide, water, unf, field, sniff    
  test, detect/non-detect
	M
	U

	non-detect
	718751 
	 Sulfide, water, unf, field, sniff 
  test, detect/non-detect
	U
	U

	4. (b) Serendipitous sniff test, acidified
	 
	 
	 
	 

	detect
	718751
	 Sulfide, water, unf, field,sniff     test, detect/non-detect
	M
	V

	non-detect
	718751
	 Sulfide, water, unf, field, sniff     test, detect/non-detect
	U
	V

	5. Field precipitation/Lab titration
	 
	
	 
	 

	total
	00745
	 Sulfide, water, unf, lab, mg/L,  --DISCONTINUED
	A (from lab)
	A (from lab)

	dissolved
	00746
	 Sulfide, water, fil, lab, mg/L, ---DISCONTINUED
	A (from lab)
	A (from lab)


1When entering data for p71875 into QWDATA, use ‘#’ for the value, respond to the prompt regarding “Null Value Remarks”, then enter method code.
Methods for collecting hydrogen sulfide data in ground water for the NAWQA program

For the reasons described in the file entitled “Background_Info_H2S.doc” (at​tached to the accompanying memo from Tim Miller), data on the presence or absence of hydrogen sulfide in ground water provide important information regarding the geochemical controls over water quality.  Because of the addi​tional time and expense associated with conducting analyses for hydrogen sulfide using test kits in the field, though, such analyses are not required during most ground-water sampling operations for NAWQA.  

However, all NAWQA ground-water sampling crews are now required to record in their field notes (1) if they detect the “rotten egg” smell of hydrogen sulfide during the process of sampling for other constituents, or (2) if they do not notice the smell of hydrogen sulfide when sampling under conditions when it would be expected to be noticed if it were present.  (See description of the “Serendipitous sniff test” below for more details.) 

In addition, all field crews who will be sampling ground water for the flow-system and topical studies (e.g., ACT, NEET, TANC, etc.) during Cycle II are now required to measure the concentrations of hydrogen sulfide in ground water--using either the Hach or the Chemetrics field kits--at all sites for these studies where (a) the dissolved-oxygen concentration is found to be less than 1 mg/L and/or (b) the smell of H2S is detected.  Ground-water sampling teams interested in measuring hydrogen sulfide concentrations for other components of the NAWQA studies (LUSs, MASs, etc.) are also encouraged to do so whenever possible (again, using one of these field kits) at sites where dissolved oxygen concentrations are below 1 mg/L.  In the event that other study units decide to measure the concentrations of hydrogen sulfide in ground water, NAWQA also recommends that either the Hach or Chemetrics field kits be used for doing so.  (Recently, Merck and other manufacturers have also begun to introduce equipment for measuring hydrogen sulfide in the field.  Method codes for these other manufacturers’ methods will be introduced if these other methods are found to be of comparable or greater reliability--or substantially less expensive--than either the Hach or Chemetrics wet-chemi​stry methods.)

If data on the occurrence (or non-detection) of hydrogen sulfide in ground water are collected, it is important to record the method used for this determination on the field notes form.  Documentation of the method used for each determination is essential so that these data can be coded correctly and consistently during entry into NWIS.  For sites where there is no indication on the field form that sampling crews conducted any type of test for hydrogen sulfide, no NWIS parameters for hydrogen sulfide should be populated.  (A “non-detect” should not be used as a default entry for such situations.)

The various approaches that either have been, or might be used for the detection of hydrogen sulfide are summarized below.

1. Hach field kit (pcode 99119; method code "A")

Detailed instructions for how to perform the Hach version of this field spectrophotometric method may be downloaded from the Web by visiting http://nm.water.usgs.gov/nawqa_natsyn/hydrogen.sulfide/index.html and clicking on Hach_method.pdf or by going to this document directly at:
http://nm.water.usgs.gov/nawqa_natsyn/hydrogen.sulfide/Hach_sulfide_method.pdf


NOTE - Some Hach spectrophotometers (including the one mentioned in the method description provided in the .pdf document given above) report sulfide concentrations in units of micrograms per liter (µg/L).  In such cases, these concentrations must be converted to milligrams per liter (mg/L)--by dividing by 1000--before the data are entered into NWIS.  In addition, while the documentation for this method does not appear to provide a non-zero method detection limit (MDL) for this procedure, results reported by several previous investigations suggest an MDL of 0.01 mg/L (10 µg/L).  Measured concentrations below this value should therefore be reported as "<0.01 mg/L".
2. Chemetrics field kit (pcode 99119; method code "B")

A summary of the Chemetrics version of the field spectrophotometric

method may be downloaded from the Web by visiting http://nm.water.usgs.gov/nawqa_natsyn/hydrogen.sulfide/index.html and clicking on Chemetrics_method.doc or by going to this document directly at:
http://nm.water.usgs.gov/nawqa_natsyn/hydrogen.sulfide/chemetrics_sulfide_method.doc

3. Silver/sulfide ion-selective electrode (pcode 99119; method code "C")

This method is described in Standard Methods for the Examination of Water and Wastewater, 20th ed (Clesceri and others, 1998), pp. 4-168 to 4-169.  However, because of various difficulties associated with the use of silver/sulfide electrodes under field conditions, this method is not recommended for NAWQA sampling operations.  Sampling teams who would like to use this method should first contact Jack Barbash (jbarbash) to discuss these difficulties.

4. Serendipitous sniff test (pcode 71875; method codes "U" and "V”; remark codes 

"M" and "U")

PLEASE NOTE: Although its characteristic "rotten egg" smell can be detected at very low concentrations, H2S is an extremely toxic gas.  As a result, the request that the detection of the smell of H2S be recorded in field notes during NAWQA sampling operations DOES NOT CONSTITUTE A REQUIREMENT that samples be "sniffed" directly to determine whether or not H2S is present.  It merely represents a request to record the presence or absence of the smell of H2S as noted during the process of sampling for other constituents. 
The following sections describe the approach and coding for (a) un-acidified samples in which the smell of H2S is either detected or not detected, and (b) acidified samples in which the smell of H2S is either detected or not detected. 

(a) Un-acidified samples
If the smell of H2S is detected during the collection of an un-acidified sample for other analytes (e.g., pesticides), this observation should be noted as a "detect": 

- Parameter Code “71875” (hydrogen sulfide, sniff test)

- Remark Code "M" (detect)  

- Method Code “U” (un-acidified sample).

If the smell of H2S is not detected under sampling conditions where it would be expected to be detected if H2S were present at a sufficiently high concentration (e.g., when sampling in a semi-confined space or in an open area under windless conditions), this observation should be noted as a "non-detect": 

- Parameter Code “71875” (hydrogen sulfide, sniff test)

- Remark Code "U" (non-detect)

- Method Code “U” (un-acidified sample).

(b) Acidified samples

If the smell of H2S is detected following the acidification of a sample collected for other analytes (e.g., VOCs, trace elements), this observation should be noted as a "detect": 

- Parameter Code “71875” (hydrogen sulfide, sniff test)

- Remark Code "M" (detect)

- Method Code “V” (acidified sample).

As with the un-acidified samples, if the smell of H2S is not detected following acidification under sampling conditions where it would be expected to be detected if H2S were present at a sufficiently high concentration (e.g., when sampling in a semi-confined space or in an open area under windless conditions), this observation should be noted as a "non-detect": 

- Parameter Code “71875” (hydrogen sulfide, sniff test)

- Remark Code "U" (non-detect)

- Method Code “V” (acidified sample).

5. Field precipitation/Lab titration method (parameter codes: 00745 [total], 00746 [dissolved]; method code A).  This method is only of historical interest because it is no longer performed by the NWQL; it is included here only to retain and retrieve sulfide measurements made using this method during Cycle I. 

A description of the method is provided in Fishman and Friedman, 1989 (USGS 

TWRI, Book 5), p 483-484.  (For an illustration of the systematically high bias generated by this method, relative to field-based methods, see Busby and others, 1991 [USGS Prof Paper 1273-F, p. F17].  It was primarily because of this bias that the method was discontinued by the NWQL.)

An entry should be recorded (both in the field notes and, subsequently, in NWIS) for every sampling event during which hydrogen sulfide was confidently detected or not detected at a given ground-water site, either by smell or through the use of a field kit or other measurement technique.  If there was any uncertainty regarding the presence or absence of hydrogen sulfide for any reason (e.g. stuffy nose, didn't record in field notes whether it was present or not), no information on hydrogen sulfide should be entered into NWIS for this sampling event.

Please contact Jack Barbash (jbarbash@usgs.gov, 253-428-3600 x2610) with questions regarding these methods, or Rick Bell (rwbell@usgs.gov, 505-830-7941) with questions regarding coding of these data.

