
This Application Guide provides design and operating 
guidelines and selection criteria using ion exchange 
resins for metals removal in environmental applications.

Metals Removal Treatment:  

Stormwater 
Runoff and  
Construction 
Dewatering



About Purolite 

Purolite is a leading manufacturer of ion exchange, 
catalyst, adsorbent and specialty resins. With global 
headquarters in the United States of America, Purolite  
focuses 100% of its resources on the development and 
production of resin technology.

Responding to our customers’ needs, Purolite has a wide 
variety of products and the industry’s largest technical 
sales force. Globally, we have strategically located 
research and development centers and application 
laboratories. Our ISO 9001 certified manufacturing 
facilities in the USA, United Kingdom, Romania and China 
combined with more than 40 sales offices in 30 countries 
ensure complete worldwide coverage.

Purolite has been part of Ecolab since 2021. A trusted 
partner at nearly three million commercial customer 
locations, Ecolab (ECL) is the global leader in water, 
hygiene and infection prevention solutions and services. 
Ecolab delivers comprehensive solutions, data-driven 
insights and personalized service to advance food safety, 
maintain clean and safe environments, optimize water 
and energy use, and improve operational efficiencies 
and sustainability for customers in the food, healthcare, 
hospitality and industrial markets in more than 170 
countries around the world.

PREMIER PRODUCTS

The quality and consistency of 
our products is fundamental to 
our performance. Throughout 
all Purolite plants, production 
is carefully controlled to ensure 
that our products meet the most 
stringent criteria, regardless  of 
where they are produced.

RELIABLE SERVICE 

We are technical experts  
and problem solvers. Reliable 
and well trained, we understand 
the urgency required to keep 
businesses operating smoothly. 
Purolite employs the largest 
technical sales team in  
the industry.

INNOVATIVE SOLUTIONS  

Our continued investment in 
research and development 
means we are always perfecting 
and discovering innovative uses 
for ion exchange resins and 
adsorbents. We strive to make  
the impossible possible.
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Background
The National Pollutant Discharge Elimination System (NPDES) was developed by the United States 
Environmental Protection Agency (USEPA) as a part of the Clean Water Act. Under a NPDES permit, 
stormwater runoff and construction dewatering are regulated to protect rivers, streams, lakes and 
coastal waters from various pollutants. As the water passes over roads, land or construction sites,  
it picks up contaminants like sediment from erosion, oils, grease, pesticides and metals. 

The needs of customers treating metals in these environmental applications are unique from other 
metal recovery processes. First, operators prefer a long lasting media that does not have a liquid 
waste stream like a regenerant. Next, in some instances the application may warrant only partial 
removal while in others, metal removal to the low part per billion concentrations are required. Finally, 
the chemical makeup of the influent water to a treatment system is not always consistent causing 
additional challenges. 

Purolite offers a wide variety of resins appropriate for metals removal in applications like stormwater 
treatment and construction dewatering. This application guide will help you choose the best product 
for your application and guide you through implementation. 

Products Covered in This Guide

Chelating Resin

• Purolite MTS9300

• Purolite MTS9302 

Weak Acid Cation Resin in the Sodium Form

• Purolite C104NaPlus

• Purolite C104NaPlus/9202

https://www.purolite.com/product/mts9300
https://www.purolite.com/product/mts9302
https://www.purolite.com/product/c104naplus
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Introduction
The nature of most metallic compounds makes them cationic, or positively charged. That means a 
cationic resin is best suited for metals removal. 

A typical cationic resin is a softening resin, also known as a strong acid cation (SAC) resin and has 
some capacity for metals. Softening resins are also very selective for calcium and magnesium and 
will cause the resin to reach capacity quickly necessitating frequent regeneration. 

A weak acid cation (WAC) resin is used for applications like demineralization. While they can also 
pickup metals in the water, high selectivity for sodium will reduce the usefulness of these types of 
resin for environmental applications. 

Using a WAC when put into the sodium form, the resin becomes much more selective for metals 
less selective for calcium and magnesium. 

The other choice is a chelating resin. Chelating resins have excellent selectivity for metals and 
work in high total dissolved solids (TDS) environments. In the next section, we’ll review the main 
choices in more detail.

As with any application where influent waters have many competing influent ions, testing is always 
recommended for suitability.

Water Chemistry
Metal removal is modern day alchemy to a large extent. Influent waters for treatment sites can be 
extremely variable. It is important to consider what other ions, particularly cations, are in the water 
as those other cations will compete for capacity on the resin bead. 

The pH of a solution is crucial in determining resin capacity. To reach very low residual levels in a 
water, often metals need to be ionized at a lower pH in order to have appropriate ionic strength so 
the resin can uptake those metals for a longer period of time. 

To ensure the best resin for the application is recommended, a complete water chemistry is 
necessary. Specifically, a general or balanced water chemistry that measures background levels  
of both cations and anions, in addition to metals analysis, pH, TOC, TSS, TDS, temperature,oil  
and grease.  

Download our Special Resin Application template or talk to your local Purolite sales 
representative.

https://bit.ly/3ohYagR
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Of course, communicating the regulatory limits of the contaminants in question will help narrow 
the resin choice as well. Additionally, it’s important to convey the effluent pH requirements. 
Purolite has resin choices that will provide a more neutral effluent if required. 

In some cases, a precipitation/coagulation step may be recommended if metals are very high.  
In other cases, metals will react with organic compounds and are not ionic. Full understanding  
of the water chemistry, and proper pilot testing ensure proper removal. 

Pretreatment
Total Suspended Solids

Pre-filters or mechanical filtration are always recommended. Ion exchange resins are not 
intended to be solids filters but will do an excellent job of filtering total suspended solids (TSS) 
for a very short time. When the bed becomes fouled with solids, the resin bed will need to be 
either replaced or regenerated. As most sites do not want the additional waste of regeneration, 
replacement because of solids fouling is an expensive remedy. With runoff water, TSS filtration 
is especially important as anything from rocks to sediment to rubbish may be in the influent 
water. 

Another source of TSS in some waters is algae. Ensure there are no site glasses on the vessel. 
If there are, a rubber site glass cover should be installed to prevent light from entering the vessel 
which will lead to algae growth. 

In general, if the system is intended to be operated as a single-use system, backwashing is 
not recommended after the initial installation. The resin bed will be mixed, and leakage of the 
contaminants that are being removed will occur. 

Oil and Grease

Resin will be readily fouled by oil and grease — remove these completely before the water makes 
contact with the resin. Organo-clay media alone or in combination with oil-adsorbing bag filters 
are good choices. Get help from manufacturers of these device to select the right ones for your 
specific need.

pH

As discussed above, be aware that the pH will affect product performance and you should adjust 
accordingly.
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Metal Complexes

Metals can only be removed by WAC or chelating resins when the metals are present as free 
cations. Metals are known to form organic complexes in some water. When that happens, 
the molecule is no longer ionic and not amenable to ion exchange. Using a granular activated 
carbon (GAC) as a pretreatment may remove these organic complexes, and the resin can be 
used as a polish to ensure better metal removal. Oxidation pretreatment may also be done to 
breakup organo-metal complexes. After the oxidation step, GAC can be used to remove any 
excess oxidant. Again, resins can be used as a polish.

Metals that are present in their anionic form — i.e., chromate, stannate, molybdate, uranium or 
metal-cyano complexes — are not removed by WAC or chelating resins. An anion resin should 
be considered. Consult your Purolite representative.

Oxidants

Prolonged contact of the resins with oxidants such as chlorine, chloramine, hydrogen peroxide, 
hypochlorite, permanganate and ozone will breakdown the resin. Remove all traces of oxidants 
before the resin with either sodium bisulfite, sodium thiosulfate or GAC per manufacturer’s 
instructions. 

Removal to ppm Levels

Influent pH 
Neutral to Alkaline

Influent pH 
Between 4 & 7 

Influent pH Acidic

Purolite
C104NaPlus If Require Neutral Effluent

If Require Neutral Effluent

Purolite
C104NaPlus Purolite

C104NaPlus/9202
Add Caustic to pH 7–8

Removal to ppb Levels

Puromet
MTS9300

Influent pH
Alkaline Add Acid to pH < 4–7

Puromet
MTS9300

Puromet
MTS9302

FIGURE 1

Decision Tree
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Design Considerations
Single-Use Resin Design

Many stormwater runoff and construction dewatering sites are better suited for single-use ion 
exchange resin. The levels of metals are usually relatively low, and the resin capacity is generally 
relatively high resulting in many months of bed life. Resin disposal and replacement with virgin resin is 
often less expensive than hauling off brine waste which may be necessary with a regenerable system. 
Often a brine waste with concentrated metals will be classified as a hazardous waste. Using a single-
use resin eliminates any brine handling. The capital for a single-use resin system will be less, and the 
system is more simple and requires much less operator intervention. 

Whether designing with Purolite C104NaPlus or a chelating resin, the following design 
recommendations should be followed:

Lead/Lag Configuration

Two vessels in series allows the system to be sampled at the midpoint between the first and second 
vessels. When the lead bed hits the change out criteria at the midpoint, the lag vessel becomes the 
lead vessel, the lead vessel is emptied and filled with virgin resin and becomes the lag. This configu-
ration allows the resin to be used more efficiently, but even more importantly, reduces the risk of an 
excursion preventing a notice of violation and associated fines.

Service

These parameters are critical to treat metals: 

• Bed Depth: 3 ft (0.91m) minimum

• Linear Velocity*: optimally 8 to 12 gpm/ft² (20 to 30 m/hr)

• Specific Flowrate: 1 to 2.5 gpm/ft³ (8 to 20 BV/hr)

• Empty Bed Contact Time (EBCT): 3 minutes minimum on lead vessel

*While the resin can operate at linear velocities lower than above, channeling may occur in a resin bed at too low of a  
service rate resulting in premature breakthrough. Service flow should never fall below 4 gpm/ft² (10 m/hr).

https://www.purolite.com/product/c104naplus
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WAC in the Sodium Form:  
Purolite C104NaPlus
Purolite C104NaPlus is a polyacrylic porous weak acid cation in the sodium form. The resin has 
carboxylic functional groups as in Figure 3.

FIGURE 3

Purolite 
C104NaPlus 
Carboxylic Acid 
Functional Group 
(Na+ Form)

Purolite C104NaPlus has excellent capacity for metals removal especially when trying to reduce 
metals to within the part per million range. It can achieve 90 to 95% removal rates and has good 
capacity even with high TDS. 

This resin operates at a pH range above 6, and the capacity for metals will rise when the pH is 
more alkaline. 

The resin will exchange sodium for metals in the water because the resin is more selective for  
the metals as shown below and in Figure 4. The resin is more selective for metals at the top  
of the arrow: 

O

O

O–

O–

Na+

n
Na+ O–Na+ O

https://www.purolite.com/product/c104naplus


METALS REMOVAL TREATMENT: STORMWATER RUNOFF AND CONSTRUCTION DEWATERING9

FIGURE 4

Selectivity 
of Purolite 
C104NaPlus 
in Neutral to 
Alkaline Water

Lead

Zinc

Copper

Cobalt

Nickel

Iron/Manganese

Sodium

Calcium/Magnesium

Relative Selectivity of Purolite C104NaPlus

Pb > Cu > Co > Zn > Ni > Fe, Mn > Ca, Mg >> Na

Because Purolite C104NaPlus has low level leakage or discharge in the low part per million 
range, and is less expensive than specialty chelating resins, Purolite C104NaPlus is often 
considered the go-to resin for “quick and dirty” type remediation efforts. It is not recommended 
if the metal needs to be reduced to the part per billion range. The capacity is higher than many 
chelating resins as well at 4.7 equivalents per liter.

Purolite C104NaPlus, when starting up, can release a high pH until the water comes into 
equilibrium. This may take several thousand bed volumes. If high pH is prohibited by your 
discharge permit, consider Purolite C104NaPlus/9202. This resin is formulated to deliver  
a more neutral effluent at startup.

https://www.purolite.com/product/c104naplus
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Physical Property Typical Specification

Polymer Structure Porous crosslinked polyacrylic acid

Appearance Spherical beads

Functional Group Carboxylic Acid

Ionic Form Na+ form

Total Capacity 4.7 eq/L (102.7 Kgr/ft3) (H+ form)

Moisture Retention 45–55% (H+ form)

Particle Size Range 300–1600 μm

< 300 μm (max.) 1%

Reversible Swelling, H+  g  Ca2+ (max.) 20%

Reversible Swelling, H+  g  Ca2+ (operating) 7% (approximately)

Reversible Swelling, H+  g  Na+ (max.) 60%

Specific Gravity 1.23

Shipping Weight (approx.) 770–810 g/L (48.1–50.6 lb/ft3)

Temperature Limit 120 °C (248 °F)

TABLE 1  Typical Physical and Chemical Properties of Purolite C104NaPlus

If regeneration is desired contact Purolite.
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Chelating Resin: Purolite  
Puromet MTS9300
Puromet MTS9300 is a macroporous chelating resin with a polystyrene matrix cross-linked with 
divinylbenzene and iminodiacetic active groups. This chemical structure facilitates increased 
selectivity of the resin towards divalent cations. Puromet MTS9300 is capable of up taking specific 
metal cations even from solutions which have high concentrations of competitive cations.

The resins are funtionalized with iminodiacetic groups that form a “pincher” to grab divalent metals 
as in Figure 5. Sodium cations are exchanged for the metal.

CH2 – C = O

R – CH2 – NM²+ M 2Na+
ONa O

O
+ +ONa

CH2 – C = O

R – CH2 – N

CH2 – C = O

CH2 – C = O

FIGURE 5

Puromet MTS9300 with Iminodiacetic Functional Group

https://www.purolite.com/product/mts9300
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Copper

Hydrogen

Iron (Ferric)

Lead

Nickel

Zinc

Cobalt

Cadmium

Iron (Ferrous)/Manganese

Calcium/Magnesium

Strontium

Sodium

This functionality provides very high metals selectivity. Puromet MTS9300 is an appropriate 
choice where reduction within the part per billion range is desired. Generally, the resin will 
remove 95 to 99% of metals in the water. The optimal pH for this resin is 5 to 6 for greatest 
capacity but will work between a pH of 4 to 8. When the pH is greater than 9, the resin becomes 
more selective for calcium and magnesium which will use up capacity very quickly. 

FIGURE 6

Selectivity 
of Puromet 
MTS9300 in 
Acid to Neutral 
Conditions

https://www.purolite.com/product/mts9300
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The selectivity of Puromet MTS9300 for metals is as follows in acidic to neutral conditions and 
also shown in Figure 6. The resin is more selective for metals at the top of the arrow:

Relative Selectivity of Puromet MTS9300 in Acid  
to Neutral Conditions

Fe³+  >  Cu  >  H  >  Pb >  Ni  >  Cd  >  Zn  >  Co  >  Fe²+  >  Mn  >  Mg  > Ca  > Sr  >>  Na+ 

Puromet MTS9300, when starting up, can release a high pH until the water comes into equilibrium. 
This may take several thousand bed volumes. If high pH is prohibited by your discharge permit, 
consider Puromet MTS9302. This resin is formulated to deliver a more neutral effluent  
at startup. Typical properties of Puromet MTS9300 are shown in Table 2.

Physical Property Typical Specification

Polymer Structure Macroporous polystyrene crosslinked divinylbenzene

Appearance Spherical beads

Functional Group Iminodiacetic

Ionic Form Na+ form

Copper Capacity (min.) 50 g/L

Moisture Retention 52–60% (Na+ form)

Particle Size Range 425–1000 μm

< 425 μm (max.) 2%

Uniformity Coefficient (max.) 1.5

Reversible Swelling, H+  g  Na+ (max.) 35%

Specific Gravity 1.18

Shipping Weight (approx.) 750–800 g/L (46.9–50.0 lb/ft3)

Temperature Limit 80 °C (176.0 °F)

TABLE 2  Typical Physical and Chemical Properties of Puromet MTS9300

If regeneration is desired, contact Purolite.

https://www.purolite.com/product/mts9300
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Special Cases for Metals Removal
Purolite C104NaPlus and Puromet MTS9300 are excellent general purpose metals removal 
resins. Purolite offers other specialty resins for more specific needs. Consult your Purolite 
representative for more information.

• Mercury Removal: Puromet MTS9140, single use chelating resin with extremely high 
mercury capacity

• Boron Removal: Purolite S108, regenerable chelating resin with high boron selectivity

• Blend of Transition Metals and Anioic Complexes Removal: Puromet® MTS9850, 
polyacrylic macroporous, polyamine chelating resin

• PFAS Removal: Purofine® PFA694, single-use resin with high PFAS capacity and low 
leakage

• Colloidal Forms of Aluminum Removal: Purolite A504P, colloidal scavenger

https://www.purolite.com/product/c104naplus
https://www.purolite.com/product/mts9300
https://www.purolite.com/product/mts9140
https://www.purolite.com/product/s108
https://www.purolite.com/product/mts9850
https://www.purolite.com/product/pfa694
https://www.purolite.com/product/a504p
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Notes
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Purolite, a leading manufacturer of quality ion exchange, catalyst, adsorbent 
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development and production of resin technology. 
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Purolite products and services, visit www.purolite.com or contact  
your nearest Technical Sales Office.
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