TABLE 1.—Striped bass fingerling production in ponds fertilized with high or low levels of
phosphorus or no phosphorus (control) at the Dundee State Fish Hatchery in Spring 2002.

Weight  Harvest
Treatment N:P rates Fish Fish harvested length Survival
(N:P ratio) (ug/Ly Pond stocked harvested (kg) (mm) (%)

Low P (10:1) 300:30 7 50,156 6,792 6.85 44.3 0.14
Low P (10:1) 300:30 15 50,184 - 1,392 0.68 36.0 0.03
Low P (10:1) 300:30 16 50,184 10,270 7.17 41.6 0.20
High P (5:1) 300: 60 9 50,000 4,317 5.22 47.2 0.09

High P (5:1) 300: 60 13 50,184 0 0.00 0.00 0.00
High P (5:1) 300 : 60 67 52,693 0 0.00 0.00 0.00
Control 0 10 50,184 0 0.00 0.00 0.00
Control 0 12 50,184 0 0.00 0.00 0.00
Control 0 14 50,184 167 0.00 39.2 0.00
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FIGURE 1.—Phosphorus decline rates in ponds fertilized with two 60-pg/L applications of
phosphorus at the Dundee State Fish Hatchery in Spring 2002.
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FIGURE 2.—Prymnesium parvum cell densities in ponds fertilized with 60 ng P/L or
unfertilized with phosphorus at the Dundee State Fish Hatchery in Spring 2002.
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FIGURE 3.—Mortality among test fish in bioassays with undiluted water from ponds
fertilized with high or low levels of phosphorus or no phosphorus (control) at the Dundee
State Fish Hatchery in Spring 2002.
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FIGURE 4.—Prymnesium parvum cell densities in ponds fertilized with high or low levels
of phosphorus or no phosphorus at the Dundee State Fish Hatchery in Spring 2002.
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FIGURE 5.—Ammonia nitrogen concentrations in ponds fertilized with high or low levels
of phosphorus or no phosphorus at the Dundee State Fish Hatchery in Spring 2002.
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FIGURE 7.—Chlorophyll a concentrations in ponds fertilized with high or low levels of
phosphorus or no phosphorus at the Dundee State Fish Hatchery in Spring 2002.
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or no phosphorus at the Dundee State Fish Hatchery in Spring 2002.
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2002.
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FIGURE 11.—Afternoon dissolved oxygen concentrations in ponds fertilized with high or
low levels of phosphorus or no phosphorus at the Dundee State Fish Hatchery in Spring
2002.
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Hatchery in Spring 2002.
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in Spring 2002.
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FIGURE 14.—Cladoceran densities in ponds fertilized with two concentrations of

phosphorus or no phosphorus (control) at the Dundee State Fish Hatchery in Spring 2002.
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CHAPTER 9

Efficacy of Ultraviolet Radiation to Control Prymnesium parvum Cells and
Toxicity

DENNIS G. SMITH

Abstract

The effects of ultraviolet (UV) radiation on Prymnesium parvum cells and
ichthyotoxicity were investigated using water from Lake Diversion, Texas. Reservoir water
was toxic to fish on three of four testing days and sublethal on the remaining day. P. parvum
cells were present in the water throughout the study. The water flowed through the UV unit
at 11.5-11.6 CFM (i.e., cubic feet per min). The radiation was emitted at a mean dose of 210
(range = 193- 220) mJ/cm” and mean intensity of 91.5 (range = 84-96) mW/cm®. The
radiation completely destroyed all P. parvum cells and reduced toxicity from lethal to
sublethal levels or from a sublethal to undetectable level.

Introduction

Prymnesium parvum, which produces toxins collectively known as prymnesins
(Igarashi et al. 1996), has caused extensive fish mortality in rearing ponds at the Dundee
State Fish Hatchery (DSFH) which necessitated a need for effective control of P. parvum
cells and toxicity. This study was designed to determine whether ultraviolet (UV) radiation
was a viable method to destroy P. parvum cells and ichthyotoxin. If UV radiation was
determined to be effective, a treatment unit could be installed to sterilize incoming water to
the hatchery. Water to the hatchery flows under gravity through a pipeline from Lake
Diversion which is known to contain P. parvum and has experienced periodic fish kills
attributable to the alga.

Materials and Methods

A UV-treatment unit was rented from Aquionics® and installed on a levee of a 0.1-ha
rearing pond. Water flowed from the fill line of the pond through the UV unit and a flow
meter into the rearing pond. A polyvinyl polycarbonate (PVC) pipe on either side of the
treatment unit was fitted with a drain valve as close as possible to the unit. These drain
valves allowed acquisition of untreated (inlet side of UV unit) and treated (outlet side of UV
unit) water samples. The control and display panel of the UV unit was mounted on the safety
railing of the pond. Water flow was adjusted with the pond fill valve to maintain a rate of
approximately 327 L/min. The UV unit was in continuous operation for 11 days. The
radiation dose and intensity and related data as well as water flow rates were recorded once
or twice daily (Table 1). Water samples for cell counts were collected twice daily from the
drain valves by flushing water through them for a few minutes and then simultaneously
collecting some water from each drain valve in 19-L buckets. Three separate aliquots were
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taken from each bucket for cell counts using a hemacytometer (Appendix A). Toxicity
bicassays (Appendix B) also were performed on water collected in the same manner on the
second, fourth, sixth, and eleventh day of operation. Bioassays were performed in duplicate
for each sample.

Results and Discussion

Water was treated with a mean radiation dose of 210 (range = 193-220) mJ/cm? and
mean intensity of 91.5 (range = 84-96) mW/cm? (Table 1). Mean cell density of the
untreated water ranged from 0 to 14,000 cells/mL (Table 2), which is reflective of a patchy
distribution of P. parvum in Lake Diversion. There were no viable cells in any of the treated
water samples examined, indicating that UV radiation at the dose and intensity tested was
effective at destroying P. parvum cells. This suggests that UV sterilization could prevent
contamination of rearing ponds with P. parvum during pond filling. Furthermore, UV
irradiation could be used to reduce or eliminate the number of viable P. parvum cells in water
for fish transport and thereby lower the risk of unintentional introduction of P. parvum into
lakes where the fish are stocked.

The bioassay results reveated that UV radiation did not always eliminate the toxin,
but effectively reduced toxicity from lethal to sublethal levels or from sublethal to
undetectable levels. The mortality data showed that toxicity was present in Lake Diversion
water throughout the study occurring at lethal concentrations during the first three sampling
days and at a sublethal concentration during the last sampling day. In the undiluted water
with no co-factor (i.e., water that fish in rearing ponds would be exposed to), there were no
mortalities in UV-treated water for the first three test dates (Table 3), although on those same
days mortalities did occur in the other bioassay treatments (those with the cofactor). This
observation indicates that toxicity was present at sublethal levels in the UV-treated water.
On 8 October 2001, mortality occurred only in the untreated undiluted water without co-
factor suggesting that the sublethal concentration of the toxin was further reduced to an
undetectable level. These results suggest that, for a given radiation and water flow rate,
detoxification is dependent upon toxin level such that complete removal is only
accomplished at lower toxicity levels and at higher levels, toxicity is reduced but not
eliminated.
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TABLE 2.—Mean densities (range) of Prymnesium parvum in UV-treated and untreated
water from Lake Diversion. Treated water passed through a UV unit at 11.5 CFM and
subjected to radiation of 210.3 mJ/cm’ at 91.5-mW/cm’ intensity. Untreated water received
no UV-radiation.

Prymnesium parvum density (cells/mL)

Date N Untreated water Treated water
27 Sep 01 6 9,000 _ 0
(2,000 — 30,000)
28 Sep 01 3 (2’00‘3’202,000) 0
28 Sep 01 6 (4,003 ’—33136,000) 0
30 Sep 01 6 (z,oog ’?2%,000) 0
[ Oct 01 6 (2,003 ’f6176,000) 0
20ct01 6 (2,003 ’-321?),000) 0
3 Oct 01 6 © ! ’1606,(7)'00) 0
4 Oct 01 6 (6 1’461,60700) 0
5 Oct 01 6 (© 3’2?(3)0) 0
7 Oct 01 6 (© —33,%)00) 0
8 Oct 01 6 (© _62200) 0
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TABLE 3.—Bioassay (toxicity) results for untreated and treated water. Treated water
passed through a UV unit at 11.5 ft*/min and subjected to radiation of 210.3 mJ/cm? at
91.5-mW/cm® intensity. Untreated water received no UV radiation.

Whole water 1:5 Dilution Whole water with
with cofactor with cofactor no cofactor
Test Dead Test Dead Test Dead
Date  Watertype fish fish fish fish fish fish
28 Sep 01  Untreated 3 3 3 3 3 3
Treated 3 3 3 2.5 3 0
1 Oct 01 Untreated 4 4 4 4 4 0.5
Treated 4 4 4 0 4 0
3 Oct 01 Untreated 4 4 4 4 4 4
Treated 4 4 4 0 4 0
8 Oct 01 Untreated 4 4 4 0 4 0
Treated 4 0 4 0 4 0
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CHAPTER 10

Evaluation of an Ultrasonic Device to Control Golden Alga Prymnesium
parvum in Fish Hatchery Ponds

TOM DORZAB

Abstract

An ultrasonic device (i.e., Aquasonic Algae Controller) was evaluated to determine
its efficacy at controlling Prymnesium parvum in hatchery ponds. This pilot study consisted
of one pond with one Aquasonic Algae Controller (treatment) and two untreated ponds
(control). Each 0.1-ha pond was stocked with five adult rainbow trout Oncorhynchus mykiss.
Cell density P. parvum cell density was monitored in each pond for 21 days. The ultrasonic
device appeared to be ineffective in reducing P. parvim cell density and had no discernable
effect on survival of rainbow trout.

Introduction

The toxin producing, brackish-water phytoflagellate Prymnesium parvum was first
identified at the Dundee State Fish Hatchery in March 2001. During the preceding month,
about 7,000 rainbow trout Oncorhynchus mykiss died from exposure to the alga and its toxin.
Since rainbow trout are known to be sensitive to copper sulfate (Hansen et al. 2002c) and
ammonium sulfate is ineffective at controlling P. parvum at temperatures below 18°C (Sarig
1971), an alternative control method was needed for cold water conditions. This study was
initiated to determine the effectiveness of the Aquasonic Algae Controller to control P.
parvum in water with temperatures up to 18°C. This device is advertised for contro! of
aquatic vegetation and reported to have successful application and wide acceptance (VoR
Environmental, http://www.vor-env.com). The device works by emitting sound waves that
cause cell death by breaking the cell vacuole (VoR Environmental)

Materials and Methods

Three 0.1-ha ponds were filled on 16 December 2001. Two of the ponds were used
as control and received no treatment and the ultrasonic device was installed in the remaining
pond on December 17. Each pond was stocked with five rainbow trout on December 17. P.
parvum cell counts were conducted on December 17 and continued periodically through the
end of the trial on January 7, 2002 using an established protocol (Appendix A). Morning
temperatures, dissolved oxygen, and pH readings were recorded daily in each pond. Ponds
were harvested on January 7, 2002 and the number of fish recovered from each pond was
recorded.
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Results and Discussion

At the beginning of the trial, cell counts showed P. parvum cells were present in one
of the two control ponds as well as in the Aquasonic-treated pond (Table 1). Three days
later, the same pattern was observed. Ten days after the start of the trial, P. parvum cells
were present in the control pond that had previously had none while the two ponds that
previously had cells now had none. Sixteen days after the trial began, cells were not
observed in any of the ponds and after 21 days, P. parvum cells were found only in the pond
with the ultrasonic unit. These observations suggest that the Aquasonic device was not
effective in eliminating P. parvum from the pond after 21 days.

One fish (20%) died in the Aquasonic-treated pond while no fish died in either
control pond, though the cause of the mortality is unclear. Although this study is not robust
due to a lack of replication, the results presented herein suggest that further study of
ultrasonic devices is unwarranted.
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CHAPTER 11

Microscopy and Prymnesium parvum: Observations and Challenges

GREGORY M. SOUTHARD

Abstract

Prymnesium parvum is an algal species responsible for toxic fish kills in Texas
reservoirs and two freshwater fish hatcheries. The current Texas Parks and Wildlife
Department (TPWD) method for identifying and estimating densities of P. parvim in water
samples uses a compound light microscope, hemacytometer, and trained personnel adept at
identifying this particular species among mixed algal communities. Repeated observations of
P. parvum-infested water samples using epifluorescence microscopy suggest that P. parvum
may yield distinct fluorescence emission pattern(s) compared to the other types of algae in
mixed samples. This observation lead to an investigative effort regarding the feasibility of
specialized microscopic techniques, flow cytometry, and other fluorescence-based
applications that might facilitate P. parvum cell enumeration. The following report is an
overview of that investigation.

Introduction

Toxin-producing algae have been an area of health and economic concerns and study
for marine biologists for decades and recently have become an issue for freshwater systems
in the United States. Prymnesium parvum, also called “golden alga”, is a chrysomonad
haptophyte, which was first implicated in minor fish kills along the Pecos River in Texas
during the 1980s (Linam et al. 1991). In recent years, this species has caused catastrophic
fish mortalities in several Texas river systems and reservoirs as well as being problematic at
two Texas Parks and Wildlife Department (TPWD) freshwater fish hatcheries.

An important aspect of toxic algal management plans at TPWD fish hatcheries
involves monitoring cell densities to assess the need to implement control methods.
Currently, trained personnel monitor P. parvum in reservoirs and hatchery ponds using light
microscopy at magnification up to 1000X to identify the organism and a hemacytometer to
calculate cell concentration.

Description of P. parvum

Microscopically, P. parvum has often been described as having variations in size and
shape depending upon the phase of the life cycle as well as nutrient availability.
Examination is facilitated by using unpreserved and unfiltered water samples since P.
parvum can pass through or be damaged by most plankton nets and the cells are distorted by
fixatives. Additionally, living cells have a characteristic swimming motion that aids in their
identification. When samples must be preserved for long-term storage, buffered Lugol’s
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solution at 4°C is recommended although there may be some deleterious effects upon the
cells, including loss of the haptonema.

The following description of P. parvum is adapted from Green et al. (1982). Cells
glide smoothly in a forward direction while spinning on their longitudinal axis. Cells are 8-
15 pm long and 4-10 pm wide, sub-spherical to elongate in shape with a rounded posterior
end and tapered anterior end that bears two equal or sub-equal flagella of 12-20 pm long or
approximately 1.5 times the length of the cell. A short haptonema (3-5 pm) is directed
forward and arises from the same groove as the two flagella. There are two large yellow-
green chloroplasts situated laterally and parietally, often deeply lobed and each containing an
immersed pyrenoid. The nucleus lies centrally between the two chloroplasts. A golgi body
is parabasal and a contractile vacuole is sometimes present. The flagellar action is
heterodynamic in swimming cells with the anterior flagellum beating with a rapid, almost
“flicking” movement (Green et al. 1982) as the posterior flagellum undulates freely. In
resting cells, the flagellar action is slower and more regular with the amplitude of waves
increasing towards the distal end of the flagellum. Cells are covered by organic scales of two
types and in two layers: scales of the outer layer have narrow inflexed rims, a pattern of
radiating fibrils on the proximal face and concentrically arranged fibrils, sometimes observed
only in the central area, on the distal face; scales of the inner layer have surface patterning
similar to the outer scales but with a rim strongly inflexed over the distal face. These scales
require electron microscopy to be observed.

Light Microscopy

The oldest and simplest method for identifying algal species is by visual observation
using a light microscope and a glass slide. While this approach is commonplace, it has many
limitations. It requires trained personnel with an aptitude to distinguish subtle differences
among taxa or variations associated with life history or nutrient availability (Culverhouse-
1995). Cell counts can be very time-consuming, especially when phytoplankters are
numerous. Additionally, density estimates using the hemacytometer likely are unreliable at
low cell concentrations. In cases where the alga is present in low numbers or as a part of a
complex mixture, it may be undetectable leading to the conclusion that the alga is absent
when it is actually present, Despite these drawbacks, TPWD Inland Fisheries staff currently
use light microscopy and hemacytometer counting chambers to identify and quantify P.
parvum cells because faster, more accurate and inexpensive methods are unavailable.

Epifluorescent Microscopy

Epifluorescent microscopy was explored as an option to improve P. parvum cell
identification and enumeration methodology. When illuminated using epifluorescence, P.
parvum cells fluoresce a gold color that contrasts with the green or red color of many other
algal species (Figure 1). This observation prompted further investigation into use of
fluorescent microscopy to identify and quantify algae samples. Also of note, in some water
samples we observed an organism that appeared to preferentially graze on P. parvum
(Figures 2A, B, C, and D). The organism closely resembles the ciliate Coleps sp. (Fig. 2E
and 2F), but it has not been positively identified. This protist could be useful as a biological
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control agent if it is a significant predator of P. parvum, but more research is needed to
demonstrate feasibility of using this organism as a control method. Coleps spp. have
occasionally been associated with morbidity and mortality among fish (Szekely and
Bereczky 1992; Wooster and Bowser 1994)

Pigment analysis via fluorescence excitation spectra has been studied and widely used
for in vivo characterization of marine and freshwater phytoplankton communities. In vivo
fluorometry (IVF) uses direct measurement of chlorophyll fluorescence in living cells and
has been used by oceanographers and limnologists for locating and measuring algae for over
20 years. The IVF method is useful for gross estimates of algal growth patterns, but not very
helpful to identify algal species.

Various attempts have been made to achieve taxonomic identification of
phytoplankton based on in vivo bio-optical characteristics such as flucrescent excitation and
absorption spectra (Hoepffner and Sathyendranath 1991). Oldham et al. (1985) were the first
researchers to report identification of marine phytoplankton using total fluorescence
“fingerprinting”. Neveux and Panouse (1987) reported fluorescence characteristics of the
chlorophylls and phaeophytins and the patterns associated with different algal taxa.
Currently, fluorescence “signatures” of four taxonomic groups can be readily distinguished:
chromophytes (golden-brown algae), chlorophytes (green algae), cryptophytes and
rhodophytes {red algae), and cyanobacteria (blue-green algae). Specifically, the chlorophyll
accessory pigment (CAP) ratio is used to differentiate these taxa in marine waters.

Other techniques for monitoring algal communities include estimation of chlorophyll
a concentration, algal biomass, and primary productivity (USEPA 446.0, 1997; Yentsch and
Yentsch, 1979). Recently developed methods measure fluorescence based on fixed
wavelength fluorometry using a filter system for excitation and detection, scanning spectro-
fluorometry based upon the excitation or emission spectra of fluorescence, fast repetition rate
fluorometry, and a pump and probe technique (Kolber and Falkowski 1993).

Although the new techniques are promising, there are some drawbacks of using
fluorescent patterns to characterize algal species. A common feature among these techniques
is pigment concentration is estimated through the correlation of in vivo fluorescence with the
isolated photosynthetic pigment values. Attempts to quantify phytoplankton pigments in situ
using fluorescence characteristics counter the fact that photosynthetic pigments are bound to
protein in living cells (Cowles et al. 1993; Kolber and Falkowski 1993). Because of that, in
vivo fluorescence of phytoplankton should also take into consideration these pigment-protein
complexes, which have a variety of structures and different roles in photosynthesis. /n vivo
fluorescence excitation spectra of phytoplankton depend not only on the taxonomic position
of algae, but also on the photoadaption state. The cellular pigment content, the ratio of total
chlorophyll a to accessory pigments, and the efficacy of energy transfer to chlorophyll a are
sensitive to the light conditions of culture growth (Wilhelm and Manns 1991). Vertical
profiles of a species will vary in photoadaptative state due to the gradient of ambient light.
The bulk of chlorophyll and carotenoid-protein complexes consists of various light
harvesting pigment proteins that absorb light and then convert light energy into chemical
energy. The characteristics of phytoplankton in-vive fluorescence, including its fluorescence
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efficiency, depend upon various factors other than only taxonomy. For P. parvum,
quantitative pigmentation has been found to be nearly independent of growth phase (Wilhelm
and Manns 1991) and the pigment pattern is sensitive to nutrient limitations. Also of note,
for P. parvum, the predominant fraction of the light harvesting protein gave absorption
spectra rich in chlorophyll ¢ (c), ¢2, and c3) as well as xanthophylls (Wilhelm and
Wiedemann 1991).

Flow Cytometry

Fluorescence becomes a powerful tool in cell identification when the cells can be
separated and analyzed individually, as with flow cytometry (Bersheim et al. 1989).
With the aid of laser-based flow cytometry and cell sorting, pigment autofluorescence, stain-
induced fluorescence, and light scatter are used as probes to quantify and sort subpopuiations
of phytoplankton cultures and natural populations (Yentsch et al. 1983). Once fluorescence
signature coordinates are established, flow cytometry is a convenient way to count individual
species of phytoplankton in mixed samples. Chlorophyll a fluorescence and forward light
scatter are two parameters measured using flow cytometry and that produce discriminatory
signature ranges, but they are highly variable depending upon life history, distribution,
concentration, and other factors (Yentsch et al. 1983). Thus, as with the visual method, there
also are disadvantages with using flow cytometry to identify and quantify algal cells. Flow
rates typically make selection of individual cells nearly impossible or investigation of
organisms in low-concentrations time-consuming or impossible. Also, there is natural
variation in the form or biochemistry of the algae themselves, ranging from morphological
features to amount of chlorophyll or associated pigments produced (Culverhouse 1993).

Challenges

The TPWD Inland Fisheries Division has the need for a quicker and more reliable
method to identify and quantify P. parvum in water samples, whether it occurs in the
hatchery setting or as part of management plan for affected water bodies. Fluorescence
characteristics may be useful to distinguish this alga from other species, but techniques in the
field of microscopy or cytometry need to be developed and current TPWD personne! lack the
expertise to develop these methods. Additionally, the specialized equipments are expensive
and bulky. Thus, cost-effective alternatives to these technologies that are suitable for
hatchery or field operations are needed
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FIGURE 1.—Brightfield and epifluorescent microscopy images of mixed phytoplankton
community containing Prymnesium parvum (arrows) cells: (A) brightfield (100X); (B)
epifluorescence (100X); (C) brightfield (400X); (D) epifluorescence (400X).
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FIGURE 2.—Brightfield and epifluorescent images of mixed algal community, suspect
Prymnesium parvum grazer (arrows), and the protist Coleps sp. (A) Mixed algal species
(epifluorescence100X); (B) Mixed algal species (epifluorescence 400X); (C) Suspect P. parvum
grazer (brightfield 400X); (D) Suspect P. parviim grazer (epifluorescence 1000X); (E) Coleps
species (brightfield 400X) [http./www.funsci.com/fun3 en/protists/prot_14.ipg]; (F) Coleps
species (brightfield 1000X ) [http://www.ph- '
karlsruhe.de/NATUR/GARTEN/2001/kraeuterspirale/index.html].
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CHAPTER 12
Dundee State Fish Hatchery Prymnesium parvum Management Plan

DENNIS G. SMITH

Abstract

This management plan was prepared as a guide to control the toxic alga Prymnesium
parvum and its ichthyotoxin and eliminate, or at least minimized, its adverse impact on fish
production. The plan includes monltorlng presence and abundance of P. parvum and
concentration of un-ionized ammonia nitrogen, and application of effective chemical
treatments. Ammonium sulfate is applied at concentrations to raise the un-ionized ammonia
nitrogen concentrations to 0.2-0.4 mg/L when water temperatures are 15°C or higher, and
copper sulfate (or Cutrine-Plus) is applied at 0.2-0.4 mg Cu®*/L when water temperatures are
up to 15°C. The selected target concentrations of un-ionized ammonia nitrogen and copper
depend on the tolerance of the fish that would be exposed to the treatments.

Introduction

The Dundee State Fish Hatchery is located in Archer County, Texas below Lake
Diversion which supplies water to the hatchery. The hatchery has 97 ponds: 73 are plastic-
lined totaling 24 ha (59.5 acres) and 24 are earthen ponds totaling 9.3 ha (23 acres) of surface
water. Other culture units include four outdoor raceways and indoor 12, 1.8-m fiberglass
round tanks, 90-jar egg incubation system and 4-trough (970-L) rearing system. All indoor
culture systems can be operated as flow-through or ciosed systems. The spawning and
rearing building which houses the indoor culture units also is equipped with an ozone
generator and UV system for treating lake water containing Prymnesium parvum cells or
toxins.

Fish species cultured at this facility include striped bass Morone saxatilis, palmetto
bass (striped bass @ x M. chrysops 3), channel catfish Ictalurus punctatus, black basses
Micropterus spp., koi carp Cyprinus carpio, rainbow trout Oncorhynchus mykiss, walleye
Stizostedion vitreum and saugeye (female walleye x male S. canadense).

In 2001 fishes on the hatchery suffered substantial mortality from P. parvum
ichthyotoxicity. Losses included 5.1 million striped bass and palmetto bass, 1,500 black
basses, and thousands of channel catfish, rainbow trout and koi carp. Through the efforts of
hatchery staff and the Hatcheries Golden Alga Task Force, strategies have been developed to
control P. parvum. These strategies form the basis of the P. parvum management plan
described herein. This plan continues to evolve and modifications are made to it as more
effective or efficient solutions to the P. parvum toxicity problem are discovered.
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Prymnesium parvum Management Plan

Pond Management

e Fill ponds well in advance of fish stockings to allow water temperatures to rise so
treatment with ammonium sulfate, if needed, can be effective.

o Avoid flushing ponds too rapidly and decreasing temperature if ponds must be
flushed. If possible avoid pond flushing.

o Treat ponds at least two days prior to anticipated stockings to allow treatments to
work and toxins to decompose.

¢ Perform bioassays and check for cells any time P. parvum toxicity is suspected and
on the days before fish stockings.

e Maintain a minimum of 0.18 mg/L un-ionized ammonia nitrogen (UIA-N) or 2'mg
Cu®*/L in ponds depending on treatment option.

Prophylactic Treatments of P. parvum in Ponds
e Measure pond water temperature and pH
e If pond water temperatures are consistently above 28°C
o P. parvum may be absent or present in very low numbers and ichthyotoxicity
is unlikely. Treatment should be unnecessary.
o Monitor ponds for presence of the alga and signs of toxicity at least once per
week.
e If pond water temperature is 28°C :
o Check for presence of P. parvum cells twice per week.
If cells are present measure ammonia, temperature, and pH.
Calculate concentration of UIA-N.
Apply ammonium sulfate to raise UIA-N to 0.3 mg/L if UIA-N is less than
0.18 mg/L. ]
e If pond temperatures are below 28°C, consult an ammonia ionization table (Piper et
al. 1992) or hatchery ammonia spreadsheet to determine proportion of total ammonia
in the un-ionized form. '
o If the proportion of total ammonia in the un-ionized form is less than 5%
*  Apply Cutrine-Plus® or copper sulfate to raise copper concentration to
0.25 mg/L.
s Measure copper concentration once per week.
=  Maintain copper concentration above 0.2 mg/L.
»  Check for presence of P. parvum cells once per week for monitoring
purposes. '
o If the proportion of total ammonia in the un-ionized form exceeds 5%
» Measure ammonia, temperature, and pH once per week (twice per
week for sensitive species such as striped or palmetto bass).
» Calculate concentration of UIA-N.
» Apply ammonium sulfate to raise UIA-N to 0.3 mg/L if UIA-N is less
than 0.18 mg/L.
»  Check for presence of P. parvum cells once per week for monitoring

purposes.

O 0 0
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o If the proportion of total ammonia in the un-ionized form is low (5-15%) and
pH is expected to increase above 8.5
= Reduce target ammonium sulfate treatment to achieve UIA-N of 0.25
mg/L. This treatment level is high enough to control P. parvum but
requires less ammonium sulfate and lower total ammonia. Thus, should
pH rise the UIA-N generated may not be toxic to the fish. Treatments at
this lower UIA-N rate may require more frequent applications.

Indoor Culture Units
e Use UV- and ozone-treated lake water (treated water) for all culture activities in the
spawning and rearing bulldmg if lake water contains P. parvum or its toxin. High
dosage UV (180 to 200 mJ/cm?) and ozone treatment is required to eliminate P.
parvum toxicity if toxins are present in the supply water.
o Check treated water for presence of P. parvum or toxin to be sure the system
is working.

Treatment of Ichthyotoxicity )
¢ Treat ponds or other culture units with potassium permanganate at the demand rate or
up to 2 mg/L above the demand rate for temporary relief if fish show signs of

ichthyotoxicity.
Fish Harvest
e Check incoming lake water for toxicity and presence of P. parvum one day before
fish harvest.

o [f P. parvum or toxin is absent in lake water
o Harvest fish using routine hatchery procedures.
o If P. parvum or toxin is present in lake water but water not toxic.
o Do partial pond draining the day before harvest.
o Harvest fish as scheduled within 2 hours using lake water.
o Treat pond water with potassium permanganate if fish exhibit signs of
ichthyotoxicity.
e If lake water is toxic
o Suspend fish harvest until the condition improves.
o If fish must be harvested, use non-toxic water from adjacent ponds or treated
water and potassium permanganate treatment if fish show signs of
ichthyotoxicity.

Fish Hauling Units
+ Fill fish hauling units with treated water.
¢ Rinse fish to be transported off the hatchery with treated water before loading to
avoid introducing P. parvum into hauling tanks and ultimately into stocked lakes.
o After fish loading check hauling unit water for P. parvum.
o If P. parvum is absent deliver fish according to hatchery gu1delmes
o If P. parvum is present drain out some water, refill with treated water, and
recheck for P. parvum. Repeat until no P. parvum is found.
e Upon return to the hatchery, disinfect hauling units with 10% chlorine bleach.
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e Use lake water free of P. parvum cells or toxins, or treated water to transfer fish
between hatchery culture units. '
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FIGURE 1.—A schematic diagram of the Dundee State F ish Hatchery pond management
plan.
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CHAPTER 13

Possum Kingdom State Fish Hatchery Prymnesium parvum
Management Plan

DALE D. LYON, JAKE ISAAC, AND JOHN PARET

Abstract

This Prymnesium parvum management plan was prepared to provide a systematic
approach to controlling this toxin-producing alga to make fish production possible at the
Possum Kingdom State Fish Hatchery. The essential facets of the plan are monitoring
presence and density of £. parvum and un-ionized ammonia levels, and application of
chemical treatments. Ammonium sulfate is applied at 10 mg/L or concentrations to raise the
un-ionized ammonia concentration to 0.2-0.4 mg/L when water temperatures are 15°C or
higher and copper sulfate or Cutrine-Plus is applied at (.75-1.0 mg Cu/L when water
temperatures are up to 15°C. The target concentration of un-ionized ammonia or copper
depends on the fish species being cultured.

Introduction

Possum Kingdom State Fish Hatchery is located in Palo Pinto County, Texas below
Possum Kingdom Lake, the main source of water for the hatchery. The lake water comes to
the hatchery through a 4.5-m (14.8 ft) deep intake valve (shallow water) or an 18-m (59-ft)
deep intake valve (deep water). Additional water for the hatchery is provided by a well.
Effluent water from ponds and indoor culture units can be reused in ponds after filtration by a
re-circulation system. Culture units include 38 plastic-lined ponds (9.4 ha or 23.2 acres) and
indoor raceway, 48-McDonald jar egg incubation system and six holding troughs. The
incubation system can be operated as flow-through or closed system with filtration, heating
and cooling capabilities. All holding troughs have flow-through capabilities but only four
have re-circulation capabilities. The indoor re-circulation systems are equipped with an
ultraviolet sterilizer for treating water infected with P. parvum.

Fish species cultured at this hatchery include striped bass Morone saxatilis, palmetto
bass {female striped bass x male M. chrysops), channel catfish Ictalurus punctatus,
smallmouth bass Micropterus dolomieu, koi carp Cyprinus carpio, bluegill Lepomis
macrochirus, crappie Pomoxis spp rainbow trout Oncorhynchus mykiss, and walleye
Stizostedion vitreum.

P. parvum was first confirmed in Possum Kingdom Lake in 2001 following extensive
toxin-related fish kills in the reservoir. This alga was found in our hatchery ponds in 2002
when ponds were filled with lake water following a renovation in 2001. This alga
consistently appears to bloom during colder months (January-March), and blooms are usually
associated with fish kills. During summer months, when temperatures exceed 28° C, the alga
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usually disappears or occurs in very low density and toxin-related fish kills are rare. Spring
and fall appear to be transitional periods when P. parvum densities fluctuate and fish kills are
sporadic.

Since 2001 staffs at Possum Kingdom and Dundee hatcheries in cooperation with the
Hatcheries Golden Alga Task Force have been developing strategies for controlling the alga.
The strategies that seem to work best for this facility are formulated into the management
plan described below. As more effective or efficient strategies are developed this
management plan will be updated.

P, parvicm Management Plan

This facility has adopted a prophylactic approach to managing P. parvum with the
goal of elimination the alga from culture systerns or keeping densities as low as possible.
Therefore, if a single cell is detected in a water sample (i.e., 2,000 cells/mL), the infected
pond is treated to control the alga. Before treatment, the un-lomzed ammonia nitrogen (UIA-
N) or Cu* concentration in the pond is determined and the difference needed to achieve the
target treatment level is provided by applying ammonium sulfate or copper sulfate,

Brood fish Holding (striped bass or white bass}
¢ Fill indoor holding troughs with well water and operate as closed system
o Check for the presence of P. parvum to be sure the system of free of the alga.
o Ifno cells are present there should be no need for further monitoring,

Jar Rack Egg Incubation
¢ Fill egg incubation system with well water and operate as a closed system.
e Check system water for P. parvum cells.
o Ifcells are present treat with UV radiation.
o Ifno cells are present there should be no need for further monitoring.

Spring Fry Rearing (striped bass, smallmouth bass, koi carp, etc)
o Clean all pond bottom sediments 12-14 days before fry stocking.
o Begin filling ponds 11 days before fiy stocking with deep lake water.
o Treat ponds with ammonium sulfate to achieve UIA-N level of 0.3 mg/L 6 days
before stocking.
e Check ponds for presence of P. parvum 4 days and 1 day before fry stocking; treat if
cells are present.
For striped bass conduct 24-hour survival tests on all ponds before stocking.
Check all ponds with fish for P. parvum once per week.
o If P. parvum is present check affected ponds twice per week
o Treat ponds containing P. parvum with ammonium sulfate to achieve UIA-N
level of 0.3 mg/L if UIA-N is low and temperature is 15°C or higher.
o Treat ponds contammg P. parvum with copper sulfate (or Cutrine-Plus) to
achieve 0.75 mg Cu®*/L if temperature is less than 15 °C.
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Spawning Ponds (smallmouth bass)
¢ Fill ponds with deep lake water
o Check ponds for P. parvum once per week; when P. parvum is present check
twice per week.
o [If P. parvum is present treat with ammonium sulfate to achieve 0.4 mg/L UIA-N.

Summer-Fall Fingerling Rearing (channel catfish and koi carp)
e Begin to fill ponds with lake water 7 days before stocking.
e Check ponds for P. parvum 2 days before stocking
o If P. parvum is absent continue to fill ponds according to culture guidelines.
o If P. parvum is present treat to raise UIA-N to 0.4 mg/L if temperature is 15 °C or
higher, or treat to raise Cu’" to 0.75 mg/L if temperature is below 15 °C.
e Check ponds for toxin 1 day before stocking and select ponds with no toxin for
stocking with fish.
o After stocking fish monitor pond temperature and pH daily and P. parvum once per
week.
o If pond temperatures are consistently above 28°C.
* No treatment should be necessary but monitor P. parvum twice per week.
o If pond temperatures are 15-28°C.
= Monitor UIA-N and treat to raise ULA-N to 0.4 mg/L if P. parvum present.
o If pond temperatures are below 15°C.
»  Monitor Cu®* and toxin, and treat with Cutrine-Plus to raise Cu’" t0 0.75 mg/L
if toxicity is present.

Winter Holding Ponds
. Monitor ponds for P. parvum once per week or twice per week if P. parvum present.
o If water temperatures are up tol5°C treat to raise Cu®* to 0.75 mg/L if P. parvum
is present.

Raceway or Trough Culture (rainbow trout and channel catfish)
e 8 days before fish stocking fill with lake water and check for P. parvum cells.
o If P. parvum is absent stock fish and operate raceway/trough as flow-through.
o If P. parvum is present perform bioassay to test toxicity.
» If lake water is not toxic stock fish and operate raceway/trough as flow-

through.
= [f lake water is toxic do not use raceway/trough (Go to Trout Pond
Production).
Trout Pond Production

Use ponds for trout production or holding, instead of indoor raceway or troughs, when lake
water is toxic.
s 8 days before stocking fill ponds with lake water.
o Treat with Cutrine-Plus to raise Cu* level to 1.0 mg/L if temperatures are less
that 15°C.
o Treat with ammonium sulfate to raise UIA-N to 1.0 mg/L if temperatures are
15°C and higher.

87



¢ 3 days before stocking check for P. parvum cells
o If P. parvum is present treat as above.
# 1 day before stocking check for P. parvum.
o If P. parvum is present test for toxicity.
¢ Stocking day
o Stock only ponds with no toxicity.
¢ Afier stocking
o Check for P. parvum twice per week and if present treat as described above.
» [f lake conditions improve harvest fish (e.g., trout) and move to indoor raceway.

Fish Harvest
o At harvest check incoming lake water for P. parvum

o If P. parvum is absent harvest fish using lake water

o If P. parvum is present perform bioassay: if negative harvest fish using lake
water; if positive use well water. _

o Fish leaving the hatchery must be rinsed in well water before loading into
hauling unit.

o Fish to be transferred between hatchery culture units need not be rinsed with
well water.

Fish Transportation
e Fill hauling unit with well water and check all compartmients for P. parvum after
loading fish (Note: all fish leaving the hatchery must be rinsed in well water before
loading).
o If P. parvum is absent deliver fish according to hatchery guidelines.
o If P. parvum is present drain out some water, refill and re-check for P.
parvum. Repeat until no P. parvum is found.
o Upon return to the hatchery, disinfect hauling unit with 10% chlorine bleach.
o .Use P. parvum-free lake water or well water to transfer fish between culture units on .
the hatchery.

Monitoring Sites

e Monitor P. parvum in lake water at the dam, hatchery intake water, and ponds and
indoor culture units in use.
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APPENDIX A

Identification and Enumeration of Prymnesium parvum cells, Version
AEW-IDE 1.1

GREGORY M. SOUTHARD

Purpose and Scope:
This protocol outlines the accepted procedure for identification and enumeration of P.
parvum in water samples.

Materials required: Reagents/consumables:
Standard hemacytometer Immersion oil
Cover slip Lugol’s solution
Light microscope with scanning and - 200 mL DI water

high dry objectives - 20 mL glacial acetic acid
Pasteur pipette -20gKI

-10gl

Procedure:

1. Carefully load the hemacytometer chamber using a Pasteur pipetie at the loading
groove, allowing capillary action to pull the water sample under the cover slip until
chamber is full.

2. Using the scanning objective, observe for small, fast moving organisms. This is a
tentative indication that P. parvum is present.

3. Switch to the 40X objective and look for P. parvum at 400X magnification. P.
parvum will be identified by its small size (9-12 pm), two large chloroplasts (which
may appear C-shape or saddle-shape), two long flagella, and one haptonema. All of
the structures can be seen using 400X magnification, except the haptonema that can
be visualized using the oil immersion lens (i.e., 1000X magnification). However, the
oil immersion lens cannot be used with the hemacytometer.

4. Count the number of P. parvum cells in each of the five large squares of the
hemacytometer grid, in each of the chambers (a total of 10 counts). The average
number of cells per chamber (5 large squares) is the total cell count. For statistical
accuracy, the total cell counts for each chamber should be within 10% of each other.
If there is greater than 50 cells per large square, dilute the water sample to minimize
time.

5. Total cells per mL is determined as follows:

Total cells/mL = (total cell count/5) X (1/dilution) X 10*
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Counting cell graphic (from Burleson, F. G., T. M. Chambers, and D. L. Wiedbrauk. 1992}).
Virology — a laboratory manual. Academic Press, Inc. New York. 250 pp.
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Pigure 5.2 Edlarged view of the hemacytometer counting chamber, as ft would appear through the low
power of the microscope. The cells in the five hirge squares {1-5) arc cyunied and this pumber is divided by 5
obtain the average number of cells per large square. This value is muldplicd by 104 and by the reciprocal of the
dlfution factor to cbtain the number of celly/ml of the ariginal cell suspension. Squace #3 has a sample cell
count The gpen circles would be counted, whereas the dark circles indicate cells that would not be counted
since they touch the top and el Heves of that square.

Red blood cell counts ere performed wsing the high dry objective of the microseope and counting the cells
in 5 of the small squares (A,B.C.D, and E) of square #3. The celbml in the original sspension is calculated by
multiplying the toinl number of cells in the 5 small squarcs by § x 104, and the reciprocal of the dilution
factor, ‘

98



APPENDIX B
Standard Bioassay of Prymnesium parvum Toxin, Version AEW-ITU 1.2+

GREGORY M. SOUTHARD

Purpose and Scope: This test should be used when Prymnesium parvum is detected in
hatchery water. The purpose is to evaluate the concentration of prymnesin toxin in
ichthyotoxic units ( ITU*) in hatchery water to determine the need for algaecide treatment.

*ITU (ichthyotoxic unit) = 1/25" the lethal dose of prymnesin ichthyotoxin/mL for fish.

Equipment required: Reagents/consumables:
Glass/metal aquarium (ca. 10 L) Distilled water
with aquarium heater (a water bath Pond water (test water)
may be substituted if available) Cofactor solution (see below)
Thermometer 12 test fish
5 beakers (100 mL-1L)
pH meter
Graduated cylinder
Pipettes (mL and pL)

Cofactor Solution Preparation:
1. Cofactor: 0.003 M DADPA /0.02 M tris buffer in distilled water, pH =9.0.

To 491.15 mL of distilled water in a dark storage container, add 9.85 mL of
DADPA (= 0.15 M) and 60.5 g tris (= 1.0 M)
2. Store in the dark at 4°C.

(Note: 1 mL cofactor solution per 50 mL water is needed for each of four test beakers.
DADPA = 3,3’-iminobispropylamine, Sigma cat # [ 7006, supplied as 1.772-M solution.)

Procedure:
1) Fill the aquarium or water bath with enough water to incubate but not float the beakers.
2) Maintain temperature at 28°C £ 1.
3) Five beakers are used for each test. Size beakers according to size of test fish.
(Note: Fish lengths and beaker sizes are guidelines and may be adjusted as needed.)
4) Add 1 mL of prepared cofactor per 50-mL total volume in each of the 4 beakers. ‘Clean’
water used for dilutions and controls is from P. parvum-free source (See Table 1 below).
5) Add 4 test fish to each beaker.
6) Observe for mortality and maintain constant temperature in aquarium.
7) Results are noted after 2 hours.

' Adapted from the Central Fish Health Lab, Nir David, Israel.
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Interpretation:

y

a)

b)

d)

Record mortality in each beaker (see Table 1) after 2 hours.

Mortality in beaker #2 (undiluted pond water + cofactor) indicates the presence of at
least 1 ITU/mL, which is 1/25" the lethal dose to fish in ponds. Toxicity is
considered to be low. Treatment is not required, but continued monitoring is advised.

Mortality in beakers #2 and #3 (1/5 dilution + cofactor) indicates 5 ITU/mL, one-fifth
the dangerous level in the ponds, which indicates the need for immediate treatment of
the ponds. Toxicity is considered to be moderate.

Mortality in beakers # 2, 3 and #1 (undiluted pond water) indicates a high level of
toxicity (25 ITU/mL or greater). The pond is toxic and fish should be displaying
signs of prymnesin toxicity.

Partial mortality can occur in a beaker, which would indicate a level of
ichthyotoxicity between those parameters confined by the dilutions and cofactor used
in the bioassay. For example, there can be complete mortality in beaker #2, but only
partial (e.g. | of 3 test fish) in beaker #3, which would indicate an ITU level between
1 and § ITU/mL. The same phenomenon can occur at higher toxin levels, with
complete mortality occurring in beakers #2 and #3, or with partial mortality in beaker
#1, indicating an ITU level between 5 and 25 ITU/mL. Partial mortality cannot occur
in two of the beakers and if does, some other lethal mechanism is likely the cause.

Mortality in either control beaker suggests some other lethal mechanism. If fish die in
one of the control beakers, the test should be repeated.
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TABLE 1.—Suggested beaker size and experimental conditions to test for the presence of
ichthyotoxin (from Prymnesium parvum) in hatchery water. 1f more than one pond is tested
at a time, beakers 1 and 2 must be repeated for each pond, but only one set of controls
(beakers #4 and 5) is required.

Fish length Beaker size Pond Dilution Cofactor
(mm) {mL) Water (mL) water (mL)* (mL) Dilution
<50 100 50 0 0 1:1
49 0 1 1:1
10 39 1 1:5
control 50 0
control + cofactor 49 1
50 <length< 75 400 200 0 0 1:1
196 0 4 1:1
40 156 4 1:5
coﬁtrol 400 0
control + cofactor 396 4
>175 800 600 0 0 1:1
588 0 12 1:1
120 468 12 1:5
control 600 0
control + cofactor 588 12

* Dilution water must be free of Prymnesium parvum cells and toxin {e.g., conditioned tap

water).
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APPENDIX C

Recommended treatments for Prymnesium parvum blooms using liquid ammonia,
ammonium sulfate, or copper sulfate as related to temperature and pH (after the Central Fish
Health Lab (Israel) recommendations).

Temperature Liquid Ammonium Copper sulfate
(°C) pH . ammonia (mg/L)  sulfate (mg/L) (mg/L)
>20 >9.0 10-12

8.6-9.0 10-12 15
<8.6 12-13 | 15-17
18-20 >9.0 10-12 15 2
8.6-9.0 12-13 20 2
<8.6 13 25
12-18 >9.0 13 25 2-3
8.6-9.0 13 - 2-3
<8.6 2-3

Note: The toxicity of copper sulfate increases as water alkalinity decreases and a more
appropriate treatment concentration may be determined as foliows:

Treatment rate (mg/L) = alkalinity as CaCO; + 100.
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APPENDIX D

Copper — Bathocuproine Method, Version AEW-COP 1.1

STEVEN HAMBY

Purpose and Scope: This protocol describes methods used for measuring copper at concentrations of
0.02 to 0.5 mg/L. Color and turbidity of the sample can affect the accuracy of the method.

Materials Required:
Equipment 1 +1 Hydrochloric acid (Conc. HCI diluted 1:1
Class A 100-mL or 50-mL glassware viv with water)
(volumetric or graduated cylinder) Hydroxylamine hydrochloride solution.
125-mL flask Sodium citrate solution
Spectrophotometer, 1-cm path length Disodium bathocuproine disulfonate solution
Hot plate Stock copper solution (20 mg/L) for Cu
standards:
Reagents/consumables: 10 mg/L intermediate
Deionized (D.1.) water that has been distilled 0.05 mg/L
in a glass still 0.1 mg/L
0.5 mg/LL
0.2 mg/L
Procedure:
A. Prior to use, wash all glassware with concentrated HCI then rinse with copper-free water.

COw

Note: Many domestic waters have copper in detectable concentrations due to leaching from
copper pipes.

Turn spectrophotometer or, set absorbance to 484 nm, and allow the unit to warm up.

Pour 50 mL of the blank (reagent water), standard, or sample into a separate 125-mL flask.
To each flask add, with mixing after each addition, the following: | mL (1 + 1) HC}, 5 mL
NH,OH -HCL solution, 5 mL sodium citrate solution, 5 mL disodium bathocuproine
disulfonate solution.

After all flasks have been mixed, pour an aliquot into a cuvet, place it in the
spectrophotometer, and record the absorbance. The following order is suggested: blank, 0.05
mg/L, 0.1 mg/L, 1 mg/L, samples, and the 0.5-mg/L continuing calibration verification
standard.

Calculations:
Use the absorbencies from each standard to plot readings on a calibration curve to determine the

amount of copper present.

Chemical recipes:
Hydroxylamine hydrochloride solution: 50g NH,OH -HCL in 450 mL water.

A.
B. Sodium citrate solution: dissolve 300 g Na;C¢Hs0; -2H,0 and make up to 1 L with water.
C.
D

Disodium bathocuproine disulfonate solution: dissolve 1 g Ci2HsNy(CHs); (CsHa): (SOsNa), in
water and make up 1 L.

. Stock copper solution (20 mg/L): into a 250 mL flask, add 10 mL reagent water, 20 mg copper

wire, and 5 mL conc. HNOs. As reaction slows, warm to completely dissolve the copper, then
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boil to expel nitrogen oxides. Cool and add 50 mL reagent water, carefully transfer to a 1-L
volumetric flask, and fillto 1 L.
E. Cu standards:
10 mg/L intermediate (50 mL of 20 mg/L to 100 mL) or (25 mL of 20 mg/L to
50 mL)
0.5 mg/L (5 mL of 10 mg/L to 100 mL)
0.1 mg/L (1 mL of 10 mg/L to 100 mL)
0.05 mg/L (5 mL of 1 mg/L to 100 mL)
0.2-mg/L continuing calibration verification standard (1 mL of 20 mg/L to 100
mL)

Quality Control:
A. A laboratory duplicate sample should be tested along with the original sample. An

analytical precision control chart should be kept to monitor these results.
B. Percent recovery of the spike standard can be calculate as follows:
% Recovery = (Cs - Csx) x 100
Ca
Where Cs = result of spiked sample
Csx = average of the original and duplicate sample
Ca = value of the spike added

Reference:
Standard Methods for the Examination of Water and Wastewater 3500-Cu E, 18" edition.

NOTE: This method measures the free copper. To measure the chelated form perform the preliminary
digestion described in Standard Methods 3500-Cu Neocuproine Method 4b then adjust pH to 4-5.
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